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KEY  TO  SYMBOLS  AND  ABBREVIATIONS 


AD? 


CO2 
BHP 
DP  A 
DPD 
OT 
f.t. 


HKPA 

IE7L 

K 

ks 

Its 


adenosine  diphosphate 
adenosine  triphosphate 

oontrolled  atmosphere 

Citrus  Experiment  Station,  Lake  Alfred 


earhon  dioxide 
dlnltrophenol 
dlphenplamlne 

diffusion  pressure  deflolt 

dry  weight 

field  hox 

fresh  weight 

gran(s) 

Slbberellle  acid 

hexaoethyl  phosphoramlde 

Indian  River  Field  Lahoratory,  Ft.  Pleree 

electrolytla  eonduotlvlty,  aloroahos 

klnetln  (d-forfurylanlno  pnrlne) 

kllogramCs) 

pounds 

nilllgraM(s) 

allllmlcron 


ainuele 


NAD 

KaO! 


910 

R.H. 

RORP 

R5 

SE3 

SES 

STD 


Trls 

§ 


sodlua  hTdroilde 

teaperatore  coefflolent 
relative  horaldity 

stylar-eni  breaScdoim 

Sub-Tropical  Erperlnent  Station,  Homestead 

standard 

temperature 

trls  (hydroxynethyl)  anlno  methane 

nilorolltor(s) 

number 


INTP-ODUCTION 


Kany  fruits,  particularly  thosa  of  tropical  and  sut- 
tropleal  origin,  are  injured  on  arpoaure  to  non-freeslns 
temperatures  telox  atout  1*5  7 C) , either  before  or  after 
harvest.  This  physiological  response  is  referred  to  as 
"ohlllins  Injury".  Most  of  the  impetus  for  the  study  of 
ohllllng  hea  been  attributable  to  economic  problems  en- 
countered In  handling  and  marketing  of  these  products. 
Although  much  Is  known  concerning  temperature  tolerances, 
visual  symptoms  of  Injury,  time- temperature  responses  and 
similar  empirical  observations,  the  basic  phyelologleal 
mechanism  remains  obscure.  An  Investigation  of  the  nature 
of  the  physiological  and  biological  changes  Involved  In 
ohllllng  injury  Is  reported  hare,  together  with  observations 


of  factors  controlling  these  changes  and  possible  explana- 
tions as  to  the  mechanism  involved. 

Previously  reported  physiological  studies  on  chilling 
Injury  utilized  plant  parts  as  test  materials.  Except  In  a 
few  cases,  roots,  leaves,  sesds,  and  other  plant  organs, 
possibly  varying  In  their  responses,  have  been  oomoared. 

Such  an  approach  assumes  a common  mechanism  of  chilling 
Injury  among  all  plant  organs.  Although  evidence  for  such 
a common  mechanism  has  not  been  proved,  the  conceot  le 
convenient  for  the  present  study  and  will  he  used  unless 


by  limiting 


severs.1  typss  of  fruits  thus  ellmlnatlns  Slffe 


siting 


from  Tarlablllty  Inherent  among  plant  organs. 

Various  fruit  blemishes  not  necessarily  related  to 
chilling,  such  as  oleocallosls,  stylar-end  brea!(down,  ab- 
normal rind  color,  and  decay.  «ore  noted  before  or  during 
storage.  Such  observations  were  peripheral  to  the  study  of 
chilling  injury,  but  some  of  then  were  studied  extensively 


The  present  work  was  designed  to  investigate  factors 
Involved  In  the  sensitivity  to  ohllllng  injury  and  other 
forms  of  rind  breaMown  in  subtropical  and  tropical  fruits, 
to  explain  the  fundareenta-1  proeess  or  processes  associated 
with  such  disorders,  and  finally,  to  devise  ways  by  which 
these  physiologies 


»1  problc 


REVIEW  OF  LlTSEATiraE 


fcy  :ioli9oh  (124) . 


Chilling  Inlurv 

n plantf.  chllllns  Injury  often  results  after  ex- 
at  several  degrees  above  32  F (12.  13.  166.  167.  I81). 
r phenomenon  has  been  manifested  by  animals  and  lower 
well  (69.  124).  The  importanee  of  chilling  Injury 
It  constitutes  a major  obstacle  In  marlcetlng  and 
tlon  of  tropical  fruits. 

3w  temperature  injury  to  warn  season  plants  was  re- 
1 Blerhander  as  early  as  1775.  His  account,  as  sited 
sported  that  Cucumls  sattvus.  Solanum 
Jslo.  Portalaca  oleracea.  lapatlens 


and  0 


r plants  were  killed  by  exposure  to  tea- 
above  freeslng. 

Among  fruits,  chilling  Injury  is  responsible  for  large 
economic  losses  during  storage  and  shipping  especially  when 
the  voyage  Is  unduly  extended.  The  problem  becomee  particu- 
larly acute  in  mixed  shiploads  of  fruits  having  different 
optimum  storage  temperatures.  Because  normal  refrigeration 
oan  not  be  used,  most  tropical  fruits  never  gst  Into  lnte~. 


pedal  ships 
f fruits 
oondltlons 


[<) 


Pollooy  a 
Lula  and 


45  85-90 

1 

H2  85-90 

y7-‘iZ  85.90 


Overholsar  (137) 
Lyneh  and  Stahl  (111) 
Lynch  and  Stahl  (111) 


t 62-70  90-95 

56-60  85-90 


45-50  85-90 
45-50  85-90 
45-50  85-90 
45-55  85-90 


8-10 

28-42 


a at  ol.  (153) 
a at  el.  (153) 
a at  (153) 


55-58  85-90 

45-43  85-90 


75-85 
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36-50  85-90  90-150 


at  al.  (193) 
(178) 

. £l.  (153) 

. £l-  (153) 


bO-50  85-90 

55-70  85-90 
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(136) 
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stored,  di 


ripeness  attained  tdien  harvested  and  s 
particular  storage  temperature,  the  anount  of  aeration  and 

type  of  fruit  should  not  he  considered  eiaot  hut  rather  as 
safe  limitations  helow  which  chilling  Injury  may  occur.  A 
basic  generalization  Is  that  aany  fruits  can  be  stored  at 
or  slightly  lower  than  F.  Important  exceptions  are 

punpltlns.  squash,  sweet  potatoes,  mature  green  tomatoes,  and 
many  West  Indian  varieties  of  avocados. 

symptoms  of  Chilling  Injury 

A summary  of  visual  symptoms  of  low  temperature  Injury 
among  chilling  sensitive  crops  Is  presented  below. 

TABLE  Z.  Low  temperature  Injury  among  chilling  sensitive 
crops. 


crops  Symptoms  References 

Avocado  Pitting  or  spotting  of  the  skin  137.  m.  189, 
Graying  or  browning  of  the  pulp  191.  96.  137, 

tldway  between  the  seed  and  the  177,  9S 

higher  temperature  * 

Off-taste  in  the  flesh 

appearance  making  them**stand  out  *' 
from  the  lighter  colored  pulp 


5.  6.  16, 
broTO  streaklns  UtO.  lii?, 

190.  192. 


175.  30,  lii9, 


5'*.  “0 


>»•  31.  10. 


IS? 


8 


f;.r* 


193.  200.  153 


153.  123.  loe, 


202.  203,  in, 
I'*.  If?.  56 


chilllns  tempei 
55  to  86  7 all 


>duced 


aroroiioately  20  as  COj  per  ks  of 
fresh  Ksleht  during  their  entire  storage  life.  Cuonabers  held 
at  chilling  temperatures  produced  the  folloKlng  amounts  of 
COji  50  7 - 18  g!  Ill  7 - 6 gi  52  7 - 3 g.  Cucumbers 
srposed  to  chilling  temperatures  and  transferred  to  77  7 
produced  less  than  20  gc  COg.  the  amount  depending  upon  the 
severity  of  chilling  prior  to  non-ohllllng  temperatures.  The 
rate  of  COg  production  decreased  vflth  duration  of  storage, 
T^ereas  at  50  F and  below,  the  rate  Increased  with  time  to  a 

red  at  the  same  time  at  the  develoorent  of  chilling  Injury  as 
measured  by  the  degree  of  surface  pitting  and  the  decline 
occurred  as  the  tissue  dried.  The  storage  life  of  cucumbers 
at  non-ohllllng  temperatures  Increased  from  16  days  at  86  F 
to  62  days  at  55  F.  Lower  temperatures  reduced  storage  life 
Instead  of  Increasing  It. 

pectors  Affecting  Chilling  Injurr 

Several  factors  influence  the  Inoldenoe  of  chilling 
injury.  In  bananas,  chilling  Injury  may  occur  even  In  the 
normal  range  of  temperatures  used  In  haTidling.  deoendlng  upon 
the  variety,  maturity,  grade,  and  length  of  storage  of  fruit. 
'5ros  Klchel’  is  relatively  more  resistant  than  'Lacatan' 

(190.  19b,  20b).  Rips  fruit,  regardless  of  variety.  Is 
reportedly  less  sensitive  than  green  banaisas  (b).  According 


jptlble 


11 

than  lower  trades  whether  ripe  or  sreon.  Segers  (l6!v)  also 
noted  that  evldenoe  of  ohillins  still  appeared  after  16  days 
of  storage . even  if  the  lower  grades  were  held  at  the 
reoonmended  temperature  of  13-5  C. 

Xorrls  and  Platenlus  (125)  found  that  high  relatiee 
humidity  markedly  delayed  the  severity  of  chilling  Injury 
as  evidenced  hy  pitting  in  cueuaher  and  pepper. 

Kidd  and  West  (95)  found  that  apples  grown  In  England 
are  more  susceptible  to  chilling  Injury  during  their  res- 
piratory climacteric  than  either  pre-  or  postollmacteric 

Intermediate  temperatures,  In  some  Instances,  give 
greater  chilling  Injury  than  do  either  higher  or  lower 
temperatures,  plums  stored  for  25  days  at  37  F showed  greater 
injury  than  those  at  either  31  or  bo  p (51).  Pitting  on 
’Harsh’  grapefruit  Is  rarely  found  after  b to  6 weeks’ 
storage  at  32  or  at  50  F but  Intermediate  temperatures 
frequently  cause  severe  pitting  (30,  78.  199).  However,  on 
removal  to  room  temperaturee,  eevere  pitting  may  develop 
particularly  after  32  F storage.  The  Incidence  of  woollness 
in  peaches  Is  much  greater  at  37  P than  at  either  31  or  b5  f 
(52). 

The  greater  Injuries  noted  at  the  Intermediate  temoera- 
turee  are  possibly  restricted  to  a specific  time  period  (170, b8. 
182) . The  difference  may  be  the  result  of  more  rapid  ap- 
pearance of  Halted  Injuries.  After  long  storage  periods. 
Injuries  become  more  nearly  inversely  proportional  to  the 


nature, 


development  of  injurlea  of  a more  extensive  and  serious 

Katurlty  of  tomatoes  affeota  the  incidence  of  chilling 
Injuries.  Mccollock  (118)  found  that  plnh  tomatoes  In 
cartons  could  be  precooled  from  93  F to  bS-SO  P In  21  hours 
by  circulating  32  F air.  Vfhen  held  for  3 days  at  45  F,  the 
tomatoes  had  40  to  ?(«  red  color.  If  held  3 days  at  55  P. 
they  were  63  to  75<  colored.  Thua.  it  Is  evident  that 
temperature  must  be  controlled  rather  accurately  to  retard 
ripening.  There  la  some  evldenoe  that  pink  and  ripe  tomatoes 
can  be  stored  sueoessfully  at  lower  temperatures  than  those 

that  pink  tomatoes  could  be  stored  at  32  P for  6 days  and 
ripening  then  completed  at  72  F with  no  evidence  of  chilling 
Injury.  Storage  for  12  days  at  32  P before  the  ripening  was 
completed,  produced  off-fUvor.  These  findings  approximate 
those  of  KcCollook  (118)  for  mature  green  tomatoes  wherein 
3 to  5 days  at  32  F was  followed  by  normal  ripening  on 
removal  to  higher  temperatures. 

cook  et  al.  (46)  reported  that  firm  ripe  tomatoes  could 
be  stored  for  42  days  at  32  F with  a decay  loss  of  only  3«. 
Ripe  tomatoes  were  edible,  had  a good  appearance,  but  had 
softened.  These  results  are  striking.  It  appears  that 
chilling  Injury  develops  much  slower,  or  not  et  all,  In  ripe 
tomatoes,  and  that  once  fully  ripened,  they  can  be  handled 
at  temoeratoree  as  low  as  32  F to  prevent  over-rlpenlng. 


CMlUns  Injury 


The  physleo-ohenieal  chaneea  Inrel-ved  In  the  raeoher-slii! 
of  chllllne  Injury  may  he  listed  as  follo»si 

1,  Chealcal  changes, 

Z.  Changes  In  the  relative  velocities  of  Interrelated 
cheolcal  reactions. 

3.  Aoeiiniolatlon  of  toxic  products. 

t.  AbRornal  respiratory  behavior, 

5.  Role  of  lipids  and  fatty  acids  In  chilling  Injury. 

6.  Altered  nsmbrane  permeability. 

proved;  few  have  been  disproved  and  little  evidence  exists  for 
or  against  others.  It  has  been  pointed  out  that  since  the 
above  changes  are  complex,  none  Is  likely  to  bs  the  primary 
cause  of  chilling  (IZ,  lib,  170).  Also,  the  fact  that  there 
are  at  least  several  distinct  types  of  Injury,  the  symptoms 
observed  may  be  the  result  of  a complex  etiology.  Luyet  and 
Gehenio  (11b)  Included  cases  of  Injury  by  rapid  cooling. 

They  suggested  that  the  mechanism  of  Injury  due  to  rapid 
chilling  apparently  differed  from  that  due  to  slow  chilling, 
which  latter  probably  resulted  from  a disturbance  In  the 
Interplay  of  physiological  functions. 

However,  many  of  the  mechanisms  listed  above  could 
he  concurrently  Involved. 

Cheolcal  charges.  Hiller  and  Schemer  (1Z2)  conducted 
biochemical  studies  using  lemons  stored  at  shilling  and  non- 


shllllng  tempers 


analyzed  fe 
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of  Injury  at  any  gl^en  time  la  depend* 
factor  with  ohanse  In  tenperature.  Bj 
opposlns  factors.  Van  der  Plani  and  De 
that  greater  injury  at  higher  tenperal 
rapid  manifestation  although  greater  1 


1 an  equillhrlun 

[183)  theorized 
is  simply  a more 
’ VBS  erentually 


Accumulation  of  toxic  products.  Plani  has  offered 

a aonewhat  more  slapllfled  explanation  of  the  ehllllng 

InTolved  in  the  cells.  1 leading  to  the  accumulation  of  toxin 
and  the  other  to  its  reaorel.  By  selecting  ralues  for  the 
temperature  coefflelent  used  in  his  equations,  he  xas  ahle  to 
show  the  critical  temperature  at  which  the  production  and 
removal  of  toxin  are  in  equlllhrlum  and  helow  which  cell  toxin 
would  accumulate , oauelng  chilling  injury. 

The  localization  of  chilling  injury  was  studied  ty 
Eahs  and  Morris  (Sh)  by  exposing  one-half  of  Intaot  cucumbers 
at  35  and  the  other  half  at  55  p.  When  the  cucumbers  were 
transferred  to  77  after  8 days,  the  chilled  ends  appeared 
slightly  fresher  than  the  non-ohilled  ends.  However,  severe 
pitting  developed  on  the  chilled  ends  after  3 days  and  decay 
after  days.  Decay  failed  to  develop  on  the  non-chllled 
portions  after  8 days.  If  a toxic  substance  was  responsible 

In  the  warmer  end. 


(170) 


further  evidence  for 


■Victoria'  plus 


injury  was  otitaineiJ  after  Btorago  at  31  P for  5 ksbIcs.  When 
the  storage  period  was  Interrupted  after  15  to  20  days  by 
a 2-day  period  at  65  F and  the  oluas  were  further  erposed  to 
31  P for  15  to  20  days,  there  Mas  little  or  no  injury.  Brooks, 
Cooley,  and  Fisher  <32)  found  a beneficial  effect  of  aob- 
Jeotlng  apples  to  brief  warning  periods  which  gave  almost 
complete  control  of  scald  in  susceptible  varieties.  In  this 
case,  it  was  suggested  that  the  totlo  substance  was  a volatile 
accumulated  at  cold  storage  temperature  and  expelled  at  warm 
temperature . This  led  to  the  concept  of  dual  temperature 
treatment.  Best  control  of  woollness  in  peaches  consisted 
of  subjecting  fruit  to  31  F for  5 to  10  days  before  the 
remainder  of  the  storage  period  at  fc5  or  50  P t52).  This 
has  become  a standard  practice  In  the  refrigerated  transport 
of  South  African  plums  and  peaches  to  the  United  Kingdom. 

be  pictured  hypothetically  as  resulting  from  accumulation  of 
a toxic  or  Inhibiting  substance  which,  if  aocumulatlon  has 
not  proceeded  too  far.  can  be  removed  at  a higher  tempera- 
ture. Nelson  (130)  proposed  that  the  toxic  material  may  be  a 
fragment  of  a hydrolyzed  glucoslde  and  that  unfavorable  ex- 

Although  the  aocumulatlon  of  sugars,  organic  adds, 
and  other  slight  changes,  have  bean  noted  in  certain  plant 

chemical  analyses  for  the  major  constituents  have  generally 
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failed  to  glTe  aiiy  specific  explanation  of  the  nechenlsa  of 
ehllllns  Injury.  Lorenz  (110),  mier  (120).  and  Jones  (91) 
all  reported  that  hydrolysis  of  suerose  to  reduelns  sugar 
was  reduced  In  chilled  papayas  hut  found  ouch  more  effect  on 
respiration,  as  evidenced  hy  the  tenperature  coefficient  at 
the  lower  teaperatures . 

Hiller  and  HellBan  (121)  suggested  that  the  destructl- 
of  ascorbic  acid  constitutes  the  first  phase  In  the  developa- 
of  low  temperature  Injury  in  pineapple.  They  proposed  that 
Interference  In  some  spoclflo  steps  In  the  respiratory  pro- 
to be  conrerted  back  to  phenols  by  ascorbic  acid  and  that 
the  accumulation  of  the  qulnones  results  In  the  dlseoloratlo" 
noted  In  many  kinds  of  chilled  fruits.  Psntzer  and  Heinzs 
(ll»3)  failed  to  show  any  association  between  ascorbic  add 
concentration  and  chilling  In  tomatoes.  Chilling  conditions 
before  harvest  had  little  effect  on  the  changes  In  ascorbic 
acid  content  during  the  storage  period  (121).  Thus,  the 
ooncept  that  chilling  Injury  Is  a symptom  of  the  aecumulatlo 
of  toxic  substances  has  been  prevalent  since  the  early  1950" 

Abnormal  respiratory  behavior.  It  has  been  suggested 
(91.  105,  1^5,  58)  that  chilling  injury  results  from  dis- 
ruption of  the  synchronization  of  the  various  stages  in  the 
complex  respiratory  sequence.  High  temperature  coefficients 
(Sllg)  at  the  lower  temperatures.  Increasing  respiratory  rate- 
durlng  chilling,  accelerated  rerplratlon  fallowing  chilling, 
and  altered  respiratory  quotients  have  all  been  proposed  as 


ihllllng  sensl 
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In  the  ohllllns  range  for  papaya,  hut  nost  Investigators 
(76.  131.  here  found  higher  (J^O  ■'slues  in  this  range. 

Gore  (71),  Platenlus  (ItS),  and  James  (87)  demonstrated 
that  high  values  oould  he  obtained  for  both  sensitive 
and  relatively  ehllling-reslstant  plants  and  therefore 
this  effect  should  not  be  considered  causal  or  character- 
istic of  chilling  sensitivity. 

Increased  respiration  during  chilling  has  been  re- 
ported for  sweet  potatoes  (107).  tomatoes  (105),  and  cucumbers 
(55).  None  of  the  above  authors  theorized  as  to  the  mechanism 
responsible  for  the  increase  in  respiration  observed  during 
early  stages  of  chilling.  InoreBsed  anabolism  resulting  in  a 
more  rapid  turnover  of  ATP  and  uncoupling  of  respiration  from 
oxidative  phosphorylation  oould  result  in  a higher  respiratory 
rates  and  may  occur  in  chilling. 

Accelerated  rates  of  respiration  immediately  follow- 
ing transfer  from  a chilling  to  a non-ehllllng  temperature 
have  been  recognized  for  some  time.  Lewis  (105)  observed 
that  tomatoes  exposed  to  increasing  periods  of  chilling 
showed  an  abnormal  increase  In  carbon  dioxide  production 
following  transfer  to  warmer  temperatures.  Similar  results 
have  been  obtained  with  potatoes  (1.  gl*.  t?) , apples  (36;  99). 
citrus  (60),  and  asparagus  (126),  This  ehange-ln-temperature 
effect  was  thought  by  some  wor'^ers  to  result  from  the  decreased 
solubility  of  carbon  dioxide  at  higher  temperatures.  However, 
Lewis  (105)  pointed  out  that  the  amount  of  carbon  dioxide 
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given  off  was  uuoh  too  large  to  ts  aesounted  for  In  this 
manner.  Acoomulatlon  of  sugars  at  chilling  temperature  could 
result  in  Increased  respiration  following  transfer  to  non- 
ohilllng  temperatures.  Kouever.  Appleman  and  Smith  (1)  oh- 
serred  that  sugar  accumulation  did  not  affect  respirator? 
rate  at  other  temperatures.  James  (6?)  suggested  It  is 
possible  that  accumulation  of  organic  acids.  Instead  of 
sugars,  in  some  tissues  might  account  for  the  respiratory 
stimulation  upon  transfer  to  warmer  temperatures.  Attempts 
to  correlate  the  Increased  respiratory  activity  following 
chilling  with  hlochereleel  changes  should  await  proof  that 
the  response  Is  limited  to  chilling  sensitive  plants. 

The  respiratory  quotient  (H?)  of  cucumbers  (58.  115)  was 
Initially  below  unity  at  chilling  temperatures,  but  Increased 
with  time  and  rose  above  unity  after  7 days  of  chilling.  The 
Inereaee  In  RQ  with  time  at  chilling  temperature  may  be  as. 
soelated  with  degenerative  changes,  peevers  (11)  suggested 
that  the  change  In  respiratory  quotients  at  chilling  tempera- 
tures night  reflect  on  the  tendency  of  the  fruit  to  accumulate 
organic  acids  rather  than  Its  sensitivity  to  chilling.  This 
change  should  be  considersd  therefore  as  a general  response 
of  the  plant  to  low  temperature  and  not  a characteristic  of 
ohllllrg  sensitivity. 

Role  of  llplds  and  fatty  acids  In  chilling  In'urv.  The 
role  of  fatty  acids  In  chilling  Injury  stems  from  their  Im- 

vlscoslty  of  llplds  with  temperature,  and  the  theory  that 
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plants  of  tropical  origin  tend  to  hare  nore  highly  saturated 
fats  than  plants  of  the  tsr.perate  regions  (105,  IS5.  45,  57,187. 

109,  liil,  88,  11.  111?). 

Lewis  (105)  proposed  that  since  cell  aenhranes  ere 
composed  of  an  ordered  arrangenent  of  Hold  and  protein 
molecules,  chilling  Injury  say  he  the  result  of  a change  In 
membrane  permeability. 

The  change  of  some  lipids  from  liquid  to  solid  state 
at  the  chilling  range  suggests  another  possible  relationship. 
This  change  in  the  viscosity  of  the  lipids  might  aabe  the 
cytoplasm  rigid  (I65).  Lewis  (105),  Cook  (b5).  Dol  (57).  and 
Loewy  (109)  obeerved  that  protoplasmic  streaming  ceased  In 
cells  of  chllllng-sensltlve  plants  at  low  temperature.  Lewis 
proposed  that  ohllllng  Injury  and  cessation  of  streaming 
might  bo  separate  aymptons  of  a basio  disorder  Induced  by 
temperature  In  the  chilling  range.  Alternatively,  he  sug- 
gested that  cessation  of  streaming  might  induce  anaeroblo 
respiration,  leading  to  chilling  injury  and  cell  death. 

Plants  of  tropical  and  subtropical  origin  have  been 
generally  assumed  to  contain  fatty  acids  that  are  more  highly 
saturated  than  in  species  growing  In  cold  regions  (l4l,  88,  II9. 
101).  This  assumption  led  to  the  proposal  that  the  less 

remain  liquid  at  temperatures  in  the  chilling  range.  On  the 
other  hand,  the  more  saturated  fatty  acids  of  sensitive  tropl- 
oal  end  subtropical  species  may  solidify  at  ohllUng  tempera- 
tures, causing  metabolic  abnormalities  and  marked  changes  In 
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regions  Is  flotloos.  Primarily,  this  premise  Is  hsised  on  fatty 

tain  oomraerclolly  emploltatle  amounts  of  fata.  When  chllllng- 
sensltlye  and  non-sensltlre  whole  plants  were  used,  no  con- 
sistent differences  In  the  type  of  fatty  acids  or  their  de- 
gree of  saturation  were  found  (197).  yoreover.  Hlldlteh 
(63,  p.  171)  stated,  "to  argue,  as  has  been  attempted,  that 
tropical  plants  tend  to  produce  more  saturated  )?lnds  of  seed 
fate  then  those  of  cooler  habitat  appears  to  the  writer  to 
be  far  too  sweeping,  and  not  substantiated  by  the  facts." 

Altered  meabrane  permeability.  Changes  In  membrane 
permeability  hare  been  suggested  as  possible  causes  of  chilling 
injury.  Weber  (195).  for  example,  reported  that  cells  of 
El odea  canadensis  plasmolyzed  In  urea  became  doplesmolyzed 
after  2 minutes  at  1 C as  compared  to  20  to  30  minutes  at 
room  temperature.  He  suggested  that  permeability  to  urea 
Increased  at  low  temperatures  because  of  higher  degree  of  des. 
traction  of  the  eotoplast  or  to  Inhibition  by  cold  of  new 
eetoplast  formation.  Selble  (16?)  obsenred  tliat  calcium 
nitrate  penetrated  chilled  cells  more  rapidly  than  unchllled 
ones  In  coleus,  e ehllllng-sensltiye  plant. 

The  permeability  to  water  of  mitochondrial  membranes 
from  chilling  sensltlye  and  Insensltlye  species  was  oomonred 
at  several  temperatores  by  measuring  Bitoehondrlal  ewelllng 


(112).  ends 
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Taylor  (S?)  studied  the  effects  of  temperature  on  the  rate 
of  water  transport  through  tomato  and  sunflower  plants  under 
conditions  which  would  alnlmlre  the  importance  of  the  aotlre 


as  resulting  from  changes  In  viscosity  and  ether  Physical 
properties  of  water,  using  sunflower  hypoeotyl  segments 
subjected  to  an  Imposed  diffusion  pressure  deficit  (T5PD).  Ollnha 
and  Relnhold  (70)  also  concluded  that  the  Influence  of  temper- 
ature on  water  absorption  could  be  satisfactorily  accounted 
for  by  the  hnowr.  change  In  the  viscosity  of  water  with 
change  In  temperature. 

Rates  of  Ion  leakage  during  or  after  chilling  have 
been  studied  by  several  workers  as  a passible  Index  of 
chilling  Injury.  Lieberman  et  al.  (lOB)  reported  that 
leakage  of  electrolytes  from  chilled  potato  root  tlesue  was 
5 times  greater  than  leakage  from  non-ehilled  tissue.  How- 
ever. Lewis  (105)  detected  no  change  in  ion  leakage  from 
tomato  fruit  slices  with  previous  storage  temperature.  Lewis 
(106)  reported  that  the  rate  of  leakage  was  even  greater 
after  the  higher  storage  temperatures.  He  also  observed  that 
there  was  no  consistent  differences  In  Ion  leakage  rates  that 
could  be  related  to  chilling  sensitivity  of  tissues.  Thus. 
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although  relationships  between  chilling  sensltlTltjr  anS  aen- 
brane  peraeabilltp  have  been  proposei,  evidence  for  such 
relationships  Is  not  conclusive. 

Research  eovered  In  this  review  Indicates  that  symptoas 
of  chilling  Injury  are  undoubtedly  products  of  a series  of 
degenerative  changes  that  result  from  exposure  to  chllllr.g 
temperatures.  However,  no  report  so  far  provides  definite 
elucidation  of  the  specific  fundamental  changes.  It  is  as- 
sumed that  a causal  relationship  bstween  the  fundamental 
process  affected  by  low  temperature  end  the  syndrome  Icnown 
as  "chilling  Injury"  would  exist  only:  a)  if  the  particular 
charge  Is  confined  to  chilling  sensitive  plants!  b)  If  this 
change  occurs  very  early  following  exposure  to  low  temperature i 
and  c)  If  typical  chilling  lesions  could  be  produced  by 
exogenous  application  of  the  Isolated  factor.  Kone  of  these 
criteria  has  been  fully  satisfied. 

Oleooelloels 

Oleocellosls,  caused  by  mechanical  Injury  to  the 
epidermal  oil  cells.  Is  a serious  problem  of  limes  and  lemons. 
Picking  and  handling  procedures  are  the  principal  sources  of 
damage  resulting  in  the  rupture  of  oil  cells  located  In  the 
flavedo  or  eolcarp  {37).  The  more  turgid  the  fruit  when 
handled,  the  more  it  Is  susceptible  to  this  type  of  injury 
(59).  Cahoon  et  al.  (37)  noted  that  wherever  rind  oil  cells 
are  ruptured  on  the  fruit  surfaeo.  It  leaves  a blemish  which 


diseoloratlc 


'Ut  ultl-nately  results  In  a peSlpljr,  'bro»n  to  felaclc 

tplealshei  rind  can  not  be  sold  on  the  prime  fresh  fruit  asrlcet 
but  are  downgraded  or  go  to  processing. 

Susceptibility  to  oleocellosls  was  shown  by  Cahoon 
et  al.  (37)  and  Oberbaoher  (132)  to  be  closely  related  with 
rind  oil  release  pressure  (ROHP).  This  method  Is  baaed  on  the 
pounds  of  pressure  needed  to  rupture  the  oil  glands.  The 
lower  the  RORP  yalues,  the  more  the  fruit  Is  blemished  by 
handling.  Thus,  HORP  provides  a means  of  predicting  fruit 
damage  prior  to  harvest. 

susceptibility  to  oleocellosls  (37,  59.  129.  132,  I8l) . For 
eiample.  I<u8tapd  (129)  reported  that  Florida  linee  rtshed 
while  wet  from  rain  or  dew  were  sueoeptlble  to  oleocellosls. 
Eaks  (59)  has  shown  a similar  problem  to  exist  concerning 
fresh  limes  In  California.  Oleocellosls  could  be  minimised 
by  careful  plohlng  under  moist  soil  conditions.  Turrell 
et  al.  (lei)  In  California  found  a similar  relationship 
between  cool,  damp  weather  and  prevalence  of  oleocellosls  on 
grapefruit.  Furthermore,  Oberbaoher  (132)  observed  that 
fruit  exposed  to  the  son  has.  higher  RORP  values  then  those 

The  cursory  observations  however,  are  qualitative  in  nature 
and  many  reports  did  not  describe  definite  Influences  of 
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stylsr-end  treaMoim  CSE?)  ia  a physlolosltsal  disorder 
descrlted  Py  Pratt  as  a water-soaked  area  tieslds  the  tip 

of  the  stylar-enrt  which  progresses  until  ona-third  to  one- 
half  of  the  rind  Is  affected.  It  la  apparently  synonymous 
with  the  "stylar-end  rot”  reported  hy  many  workers  (Wi,  ItS, 
lk9).  Etlologloal  studies  have  been  limited  to  eaplrleal  ob- 
servations of  fruit  charaoterlstlos  and  grow  conditions.  A 

can  develop  prior  to  picking  (bit.  bS).  Thus,  It  Is  not  sur- 
prising for  some  workers  to  report  the  prevalence  of  SJS  among 
large,  mature  fruits  than  small,  less  mature  ones  during 
storage  (38,  b6,  72,  176).  There  were  also  reports  that  SSB 
is  worse  In  those  picked  In  the  morning  or  when  wet  with  dew 
than  In  the  afternoon  (139)  i higher  In  roughly  hiar»aied  fruit 
than  those  carefully  picked  (139,  158)  end  aggravated  by 
conditions  of  elevated  temperature  and  humidity  (bb.  176, ,80). 
A detailed  e)iaraoterltatlon  of  the  disease  has  not  been  found 
In  the  literature. 


KATERIAIS  AND  HETHODS 


Lake  Placid  a 


cckdale 


'Persian'  limes  were  obtained  from  Highlands  County, 
ear  Lake  Placid,  at  the  southern  end  of  the  central  Ridge 
Itrus  district  and  from  2 locations.  Goulds  and  Homestead, 
n the  major  lime  producing  area.  Dade  County.  Soil  In  the 
rea  Is  Lakeland  fine  sand:  that  in  the  Coulds- 
1 Is  Imperfectly  weathered  oolitic  limestone , 
>s.  About  95"?  of  the  trees  were  on  rough  lemon 

macroohylla  stock.  Pruit  was  harvested  from  3 trees  each  of 
'Harsh'  and  'Duncan'  grapefruit  In  control  lots  of  a former 
fertilizer  experiment  located  at  OES  grove.  The  soil  is 
Lakeland  fine  sand.  'Valencia'  orange  was  Included  In  the 
study  as  a control  fruit.  Fruit  ras  obtained  from  the  CES 
an’  bananas,  secured  at  dockside 


grove  as  needed.  'Laoatan'  hs 
from  the  Banana  Trading  Compan 
picking  at  Esmeraldas.  Ecuador 
at  56  F (S.  Sohlro.  personal  communication  ).  Bunches  w 
It  hands  vers  selected.  Hands  were  numbered  according  t 
their  position  on  the  bunch  and  stored 


1 had  been  11  d 


t 60  F prior 


Off-s 


'Boot 


SES.  Mature  green  'Ploradel'  torn 
control  plots  of  a breeding  exper 


Determinations  of 


Daring  Storage 

This  study  dealt  largely  with  ’Persian'  limes:  there- 
fore methods  will  he  discussed  for  this  fruit,  those  for 
others  being  mentioned  only  when  different.  Kajor  experi- 
ments axe  Buanarlzad  In  Table  3. 

Variability  In  results  of  storage  experiments  can 
often  be  traced  to  preharvest  conditions:  thus,  an  effort 
was  made  to  Investigate  certain  environmental  factors  before 
and  during  harvesting  which  might  Influence  subsequent  chilling 
injury. 

Data  were  taken  on  temperature,  relative  humidity, 
light  Intensity,  wind  velocity,  and  precipitation  In  the  grove. 
Temperature,  as  degrees  F,  and  relative  humidity,  as  percent- 
age, were  recorded  on  a Brown  hygrothemograph.  Ferlodlo 
readings  of  light  Intensity  were  mads  with  a Weston  light 
meter  calibrated  In  foot  candles,  and  of  wind  velocity  with 
an  Alnor  velometer  as  miles  per  hour.  Precipitation  con- 
sisting of  drizzle,  showers  or  continuous  rain  was  noted  as 
It  occurred  during  harvesting. 

preharvest,  harvest,  transportation,  postharvest,  and 
paoklnghottss  operations  Investigated  are  listed  In  Table  ll. 

°l5tolo»lcp.l  Technloues 

Samples  of  chilled  and  unehllled  peel  were  sectioned 

and  stained  with  either  Sudan  IV  or  safranln,  followlr.g  pro- 
cedures of  Johansen(90). 


}t  experloe 


tKlUrns 

injury 


a.  Temperature 

fe.  Relative  hnnldlty 

o.  Light  intensity 

d.  HBinfall 

e.  Wind  velocity 

2.  Kon-eliiBBtlc  factors 

а.  Tine  of  day 
h.  Fruit  age 

б.  Fruit  location  on  tree 

3.  Handling  nssthods 

C.  Transportation 

D.  Faolflnghouee 

1.  Xlnetin,"war”&  dlphenylaalne 

2.  Kinetin  and  glbterellic  acid 

E.  Storage 

2.  High  temperature 

3.  Humidity  In  storage 

t.  Temperature  conditioning 

6.  Controlled  Atmosphere  storage 
Fi  Anatomical  ohservations 
G.  Physical  Investigations 

1.  P.esplratory  activity 

2.  Permeability  studies 

3.  Lipid  content 

iv.  Accumulation  of  metabolites 

a.  Organic  acids 

b.  Metabolic  inhibitors 

5.  Mitochondrial  activity 

6.  Volatiles 
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a SB  i»s  cOj  hr'l-ks-Vrf  (185,  186). 


Oa 


Jh 


figure  1.  Experimental  arrangement  for  sutjeettng 


fruits  to  partial 


sarkad.  Fruit  color  of  non-blanohed  areas  was  date 
absorbance  at  675  n/i  on  a B * L Speetronio  20  (133). 

tilled  water,  and  then  dipped  In  a liter  of  double  distilled 
water  for  24  hours.  Sleotrolytio  sonduotlrlty  of  the  solu- 
tions less  a water  blank  was  deteralned  with  an  Industrial 
Instruments  Ino.,  Hodel  RC-16B1  oonduotiylty  brldKs.  Data 
are  expressed  as  oleroahos  per  100  sp  on  of  fruit  surface, 
Ltpld  Analysis 

The  rapid  method  of  lipid  extraction  proposed  by  Bllsh 
and  Dyer  (28)  and  Borsstrom  (29)  as  modified  by  Wheaton  (197) 
was  used.  Data  are  expressed  as  ms  lipids  per  g Til, 

Ten  ml  of  peel  and  Juloe  reslele  extracts,  represontlng 
about  1.5  S peel  and  4 g Juice  Teslales,  were  boiled  with 
1 ml  0.1  K HCl  together  with  2 ml  trichloroacetic  acid  to 
precipitate  proteins.  The  filtrate  was  used  for  Identifi- 
cation of  organic  acids. 

Standard  concentrations  of  Individual  organic  acids 
were  spotted  on  8"  x 24"  sheets  of  Whatman  Ko.  1 filter  Paper 


thln-laye 


phosphate 


hlaTih  for  oalealatlon  of  the  P/0  ratio. 

Heaotlon  products  were  Identified  and  estimated  by 
paper  chromatography. 

Identification  of  Fruit  Volatiles 

Chilled  and  unchllled  fruits  were  placed  in  a ^0  ml 
beaker  and  covered  with  a double  layered  thin  film  Saran  wrap 
(polyvlnylldene  chloride).  Samples  of  emanations  were  taken 
by  Inserting  a syringe  through  a small  strip  of  adhesive 
taped  over  the  Saran  wrap.  Identification  of  volatile  com- 
pounds was  made  on  an  Ionic  Hescaroh,  Ine. . Model  7S0  dual 
column  programmed  temperature  gas  ohronatograph.  Concentra- 
tions of  known  samples  were  used  for  quantitative  estimation. 
Data  are  expressed  as  g per  kg  fresh  weight  of  tissue. 

Adderjloo  for  Grapefruit  and  Sanana 

Cranefrult 

Seasonal  ohanges.  The  degree  of  susoeptlblUty  to 
chilling  and  varietal  differences  were  followed  throughout 

eastern,  southern,  western,  northern,  top.  and  inside  portions 

of  the  tree  at  biweekly  Intervals  and  held  at  to  F.  obeerva- 
tlon  on  per  cent  of  fruit  surface  pitted  tPlg.  2)  for  each 
lot  of  fruit  was  made  6 weeks  after  picking. 
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Figure  2.  Different  degre 
'Dunoan'  grapefruit  (A  - more  t 
pitted:  B - 15  to  25-?  of  fruit 
to  of  fruit  surface  pitted) 


les  of  chilling  Injur?  In 
;han  35?  ef  fruit  surface 
surface  pitted:  and  C - 5 
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3 sonths  before  harvest  with  paper  and  plastic  bags,  out  open 
at  the  bottoB,  to  study  the  effect  of  light  on  subsequent 
susceptibility  to  ehllllng.  This  treatment  was  compared 
with  fruits  covered  only  with  transparent  plastic  bags. 
Twenty  samples  were  distributed  at  the  east  and  south  sides 
of  the  tree.  Fruits  were  stored  at  40  F after  harvest. 


Location  of  harJ  on  the  bunch.  Variations  In  ohllllng 
Injury  were  studied  with  respect  to  position  of  fruits  on 
the  boneh.  Bunches  with  only  14  harids  were  selected  end  eeeh 
hand  Halted  to  16  fingers.  Bands  and  fingers  were  detached 
and  numbered.  Fruits  were  held  at  60  F for  4 days  - at  this 
time.  bloBSOB-end  fruits  were  still  at  stage  1 (4)  and  stem- 
end  fruits  were  already  at  stage  2 (4)  _ before  they  were 
transferred  to  4o  F and  observed  after  6 days,  chilling 
injury  was  recorded  es  per  cent  of  finger  pitted  (or  with 


RESULTS  AND  DISCUSSIONS 

to  non-freszlns  tBrnperatonss  fcelow  stout  to  F.  This  physlo- 
loBical  dlsorSer  is  rsferred  to  as  chilling  Injury.  Factors 
Irrrolrea  In  the  sensltlTlty  to  shilling  Injury,  the  basic 
process  or  processes  associated  vlth  such  disorder,  and 

were  Inesstlgated.  Fruit  blenlshes  other  than  chilling  In- 
jury. such  as  stylar-end  treahdown.  abnormal  rind  color, 
oleoeellosls.  and  decay,  were  noted  before  or  during  storage. 
Some  of  them  were  studied  extensleoly  because  of  their  econo- 
mic Importance  as  an  Injury  per  se. 

Many  of  the  preharvest  factors  studied  did  not  affect 
chilling  Injury  of  limes  to  any  extent.  Oonseqoently,  the 
proharvest  work  was  mainly  on  oleoeellosls  and  stylar-end 
breakdown. 

Oleoeellosls  and  stylar-end  Breakdown 
Oleoeellosls 

Oleoeellosls  Is  directly  related  to  turgldlty  of  cells 
on  fruit  surfaces  as  evidenced  by  low  RORP  values  for  turgid 
fruit  - thus  It  is  logical  to  study  the  factors  affecting 
water  relations  of  the  fruit.  Various  climatic  and  non- 


la 

with  ROaP  Talues. 

Clleatle  Faetora 

A rise  In  temperature  from  65  to  92  p,wlth  a eorros- 
pondlns  fall  In  relative  humidity  from  80  to  JZ'K  stsrtlna 
at  7:00  up  to  2:00  , Increased  RORP  hy  about  IB 

pounds  (PI5.  3).  Low  light  Intensity,  about  100  foot 
candles,  on  the  north  side  of  lice  trees  within  a row  In  the 
grove  (Fig-  i*)  did  not  markedly  lower  RORP  of  fruit  on  that 
side  {Fig.  5),  Apparently,  ambient  tecpereture  and  relative 
humidity  affected  RORP  values  more  than  did  light  Intensity 
per  se.  It  was  further  observed  that  a drizzle  during  a 
cloudy  day  would  result  in  a decrease  In  RORP  of  about  2 lb 
(Fig.  5).  Also,  when  rain  was  continuous  and  heavy  as  on 
June  9 (Table  5) , RORP  values  were  in/arlably  low.  kind 
In  the  grove  up  to  nllee  per  hour  had  no  effect  on 
RORP  (139}.  Of  the  climatic  factors  studied,  only  tempera- 

marked  and  coherent  effects  on  non-clliaatlo  influences  sub- 
sequently studied. 

Kon-climitlo  Influences 

Time  0f_day.  On  a bright,  sunny  day,  RORP  values  of 
limes  Increased  steadily  from  about  3 to  21  lb  through  the 
morning  and  i»ld-day  with  a peak  at  about  2-00  p_a  (Fig.  3) 
On  a cloudy  day.  however,  the  increase  In 
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Figure  3.  Diurnal  ts 
sure  (HORP)  of  'Persian'  lio 
(Teaperature=  TE.fP  and  relat 
of  fruit  on  the  tree.  A 0 t 


latlons  In  rind  oil  release  tres- 
5 as  affected  by  aloroolloate 
re  hiuoldlty  ::  R.n.)  and  position 
30  lb  scale  Kagrpsa-Taylor  pres- 
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Dlumal  Tarlation  In  rind  oil  release  pressure 
(RORP)  of  'Persian’  limes  picked  at  approximately 
blveekly  intervals. 


Plcklnit  date  7!00-S!OC 
Kay  11,  19S6  5.3 
Kay  25.  1966  3.1 
June  9.  1966  1.8 
June  22,  I966  2.0 
July  13.  1966 


12:00-1:00 


2.9 


10,0 

20.5 


10.0 

16.8 


and  Has  less  than  10  Ih 


U6 

at  mid-day  (Pig.  5) . Risk  of 
oleoBBlloslB  Incraases  as  ROSP  values  decrease  In  late 
afternoon.  Conditions  In  the  tree  at  any  particular  time  of 
day  could  delay  the  Increase  In  RORP.  Fruits  clipped  at 
shout  10:00  a_m  and  hung  at  the  same  position  In  the  tree 
had  higher  HOHP  values  during  the  rest  of  the  day  than  adja- 
cent attached  fruit  {Fig.  6). 

Fruit  age.  RORP  values  of  lines  Here  related  to  fruit 
diameter.  The  curve  of  RORP  plotted  against  diameter  (Fig.  7) 
was  sigmoidal,  with  a critical  ravage  at  about  Z inches.  Young 
fruits  with  rough  surfaces  were  much  more  susceptible  to  oil 
gland  rupture  than  large  mature  fruits  with  smooth  surfaces. 

side  of  trees  was  highest  from  7:00  a m . 3 lbs:  to  1:00  o m , 
22.5  It'S,  but  dropped  to  18  Ibe  at  5:00  p m (Fig.  3).  Limes 

A few  points  may  be  deduced  from  these  observations.  Luring 
conditions  which  cause  low  RORP.  extreme  care  should  be  taken 
In  picking  the  north  side  of  the  tree.  It  Is  advlssble  to 
start  picking  only  on  the  east  and  south  sides  of  trees  at 
about  10:30  a_m  . pick  the  north  side  at  noon,  and  then 
transfer  to  the  west  side  early  In  the  afternoon. 

position  of  fruit  In  field  boy.  Variations  In  RORP 
among  fruits  in  field  boxes  were  observed  after  about  6 hours 
from  picking.  Fruits  In  the  top  of  a field  box  had  higher 
RORP  values,  exceeding  10  lbs  at  2:00  than  fruits  In  the 
middle  or  at  the  bottom  of  the  box  (Fig.  6) . RORP  values  from 
ons  attained  only  about  8 lb. 


looatlc 


“7 


7 9 it  ‘ 1 a 

TIME  OF  DAY 


Figure  6.  Hourly  variation  In  rind  oil  release  ores- 
sure  (Roa?)  froiii  the  trees  to  the  field  hox.  A 0 to  lO'lh 
scale  Ksgness-Taylor  pressure  tester  with  a 3/8  Inch  head 


FRUIT  DIAMETER  (inehesi 


lease  pressure  (HOB?).  Sa 
IPs.  A 0 Co  10  lb  scale  K 
with  a 3/8  inch  head  was 


point  represents  mean  of”^ 
nees-Teylor  pressure 
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Inoldenoe  of  oleocellosls  In  limes  was  most  serere 
Hlth  fruit  picked  In  the  morning.  22. ft?,  than  vlth  those 
picked  at  noon.  8.6«.  or  In  the  afternoon.  10.2*  (Table  6). 
when  rough  handling  was  done  at  these  times,  oleooellosls 
Increased  further  and  was  most  severe  again  in  the  morning 
ploked  fruit.  Moreover,  rind  oil  spotting  was  more.  60.9*. 
when  fruit  was  roughly  handled  Immediately  after  picking  than 
when  rough  handling  was  delayed  for  24  hours,  27.7*.  A similar 
relationship  between  oleooellosls  of  limes  and  handling 
methods  was  observed  by  Eake  (59)  In  California.  When  Eaks 
used  3 picking  treatments,  ollp-plcked,  snapped  gently,  and 
snapped  roughly  , oleooelloels  In  llmee  was  minimized  by 
careful  picking  even  under  moist  soil  conditions. 

Transportation 

As  mentioned  above,  oleocellosls  was  found  to  Inerease 
with  deliberate  rough  handling.  These  tests  under  artificial 
conditions  were  compared  with  oommerelal  conditions,  single- 
box  samples  were  taken  from  successive  stages  In  a oommerelal 
harvesting  operation.  Each  operation  resulted  In  an  appre- 
ciable Increase  In  oleooellosls  among  samples  held  for  obser- 
vation (Table  7).  Samples  taken  directly  from  field  boxes 
hod  18.3*  rind  oil  spotting,  and  this  value  almost  doubled 
to  35.5*  after  dumping  In  the  packinghouse.  Hence,  results 
obtained  under  comoerclal  handling  practices  corroborated 
those  found  experimentally. 
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TABI£  6. 


Effect  of  handling  method,  time  of  flay  when  plohefl. 
and  holding  temperature  on  oleocellosls  of  'Persian' 


Oleocellosls 

a after  1 weelc 

Treatment  (<) 

Handling  method 


Very  careful 
Normal 

Immediate  rough 
Rough  after  2<*  hours 


Time  of  day  when  picked’’ 


Afternoon 
Holding  temp 


Normal 

Rough 

Normal 

Rough 

Normal 


60.9 

27.7 


22. B 


10.2 

36.6 


Normal  handling  32  F 
40  P 


70  F 


®Flre  replications  o 
'^eld  at  50  F. 


3f  10-35  fruits 
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TASLE  7.  PercentaS9$  of  oleocellosls  In  sanples  of  'Persian' 
lines  fron  a cominerelal  harvesting  ooeratlon  after 
holding  at  50  F for  3 weeks.® 


Oleooellosli 

Saorollng  colnt  (<1 

From  field  boxes  18.3 

After  dutnolns  field  boxes 
Into  pallet  boxes  25.2 

On  arrival  at  paoklnghouse  29.6 

+6.9 

+t.b 

After  dumping  35-3 

+5.9 

®About  200  fruits  per  samplei  single  ‘ 

best. 

only  a few  of  the  -rarlous 
which  ffllght  affect  aleooellosle  were  c 

of  fruits  prior  to  storage.  Rind  oil 
age  of  fruit  and  location  on  the  tree, 
located  at  the  north  side  of  tree  are 
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naental  conponents 

egerdlng  the  heharlor 
potting  varied  with 
young  lime  fruits 


oleocellosls  than  mature  fruits  from  the  east  side,  especially 
when  picked  early  In  the  morning.  Rough  surfaces  of  young 
fruit  were  oonduelve  to  oil  gland  rupture.  Conditions,  such 
as  low  temperature,  high  relative  humidity,  rainfall,  cloudi- 
ness, leaf  shading,  and  fruit  overlanolng  In  field  bores, 
which  melntaln  turgldlty  of  fruit  else  maintain  susceptlhlllty 
of  the  fruit  to  oleocellosls.  Thus,  turgid  lines  must  be 
handled  gently  at  all  times. 


Stylar-end  Breakdown 

According  to  Conover  e survey  among  various 

groves  showed  that  the  extent  of  Injury  as  a result  of  SSB 
may  range  from  6 to  60t  In  'Persian' limes  (4b).  Investigations 
on  handling  methods  and  induction  and  development  of  SEB  were 
therefore  initiated  because  of  the  economic  Importance  of  this 
malady. 


Randllng  Methods 

When  samples  were  taken  from  successive  stages  In  a 
oomaerolal  harvesting  operation,  the  Increase  in  SEB  after 
dumping  field  boxes  Into  pallet  boxes  was  5.4«  for  a total  of 


6.^%  (Table  8).  No 


arrival  at  the 


packinghouse  but  SEB  Increased  another  3.0?  after  donping. 
Ismedlate  refrigeration  did  not  affect  incidence  of  SES,  rind 
color,  percentage  decay,  or  respiratory  activity  of  lines 
(Table  9). 

Induction  end  Pevelocnent 

The  origin  and  development  of  SEB  la  not  known.  In 
the  present  work.  2 forms  of  SEB  In  limes  were  apparent,  one 
that  which  Is  Initiated  by  oechenioal  Injury  and  another  that 

yechanlcal  Injury.  Striking  the  apex  of  lime  fruit 
could  drastically  Increase  SEB.  Such  treatment  Immediately 
after  picking  produced  5 to  6 times  the  amount  of  SEB  for 
limes  picked  in  the  morning  as  oonpared  with  those  picked  In 
the  afternoon.  No  further  effect  was  observed  when  rough 
handling  was  delayed  for  2d  hours  after  picking  (Table  10). 
These  effects  were  demonstrated  to  result  from  localized 
stresses  around  the  stylar-end  tip  (Pig.  8-A  to  8-D).  When 
the  fruit  was  flaccid  (pig.  8-C) . pressure  on  the  tip  merely 
depressed  the  entire  end  of  the  fruit  with  no  apparent 
localization  of  strees.  When  the  lime  was  turgid  (Fig.  8-D), 
pressure  on  the  tip  forced  the  apem  downwards,  exerting  a narked 
shearing  action  In  the  annulus  of  thin  peel  tissue  around  the 
tip.  A longitudinal  section  through  the  fruit  showed  that 

to  the  apex.  Furthermore,  It  was  eeen  In  limes  deliberately 


5“ 


TABLE  8.  Percentagss  of  stylar- 
'Persian'  limes  from  e 
after  holding  at  50  P 

-end  hreaScdown  In  samples  of 
i conraerclal  harvesting  operation 

Sampling  point 

Stylar-end 

breakdown  Increment 

From  field  homes 

1.0 

After  dumping  field  homes 
Into  pallet  homes 

On  arrlral  at  paeklnghouse 
After  dumping 

6.A  * 5.h 

6.3  - 0.1 

9.3  + 3.0 

^Ahout  28o  fruits  per  sample! 

single  test. 

TABLE  9.  Effect  of  proBpt.  ee  compared  to  delayed,  refrlgera- 


'?;r.s;s:.;"rs;5"S- 


TABLE  10. 
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Effect  of  handllns  method,  time  of  day  when  picked, 
and  hoiains  temperature  on  stylar-end  breakdown  of 
'Persian'  limes. 


Imedlate  roueh 
Rough  after  2A  hours 

me  of  day  when  picked'’ 
Normal 

Morning 

Hough 


Stylar-end  breakdown 
after  b weeks 


(«) 


61.0 

22.5 

11.9 


”HBld  at  50 


10-35  fruits 


A 

Normal 


Roughly  Handled 


C 

Flaccid 


Turgid 


noraol  fruits  B - Imp 


of  mechanical  Injury  and  turgldity 
0 stylar-end  treakdovn;  (A  - 
the  mammlfora  tip  exerts  a shearing 
oeel  tlssua  around  the  stylar-end; 

trees  hy  alight  changes 
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Sarsaged  and  then  aeotloned  as  SES  progressed  that  a neorotlo 
area  hegan  at  the  Junction  of  flaredo  and  alhedo  and  progressed 


fruit.  Twelve  of  20  deliberately  injured  sound  lines  that 
reeeived  "caps"  (Fig.  9)  fron  SE3-affeoled  fruit  developed 
SBB  (Table  11).  Merely  pricking  the  tips  of  the  limes  did 
not  cause  SEB.  This  result  was  substantiated  when  extract 
from  SS3  lesions  injected  Into  sound  fruits  resulted  in 
SSB  after  a week  (Fig.  10).  These  observations  lead  one  to 
the  hypothesis  that  mechanical  injury  causes  a release  of  cell 
contents  from  the  tissue  at  the  Junction  of  the  flavedo  and 
albedo  and  peripheral  to  the  stylar-end.  The  cell  contents, 
on  being  released,  damage  membranes  of  contiguous  cells, 
thereby  Initiating  a chain  reaction  of  rapidly  developing 

The  nature  of  the  particular  constituent  or  character- 
istic of  cell  contents  causing  SS3  was  assessed  by  Injecting 
0.2  ml  of  macerated  and  extracted  tissue  from  SES  lesions 
under  the  flavedo  near  the  equatorial  region  of  the  fruit. 

This  procedure  was  repeated  with  several  solutions.  Extract 
from  SES-affeeted  fruit  produced  the  most  SSB,  90<,  and  con- 
sequent decay,  followed  by  HCl  at  p3  2.0  (Table  12).  These 
results  Indicate  that  the  cause  of  SSB  apparently  is  not  a 

Maturity.  It  Is  eommcr  icervation  that  susceptibility 
to  SEB  coincides  with  advancing  fruit  maturity  (2.  38.  Wt, 
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Flsura  9.  A simple  method 
of  stylar-end  hrsakdoTO  from  cut 
lesions  to  sound  lime  fruits. 
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TABLE  11. 


Transmission  of  stylar-end  braaMown  through 
aeehanloally  Injured  stylar  tip  (10  fruit  per 
sample). 


*1966^  -aT  1967 

SF5  ' Cecay®  S?!  5eca 

<t)  I i'i 


Kot  pricJced 
Pricked 


ot  pricked  20 
ricked  6o 


®0bserrea  8 days  after  treatment. 

^Observed  10  days  after  treatment. 

°seyere  SEB  lesions  soon  became  Infected  with  green  mold. 


6l 


Figure  10.  Trensnlselon 
froB  Julee  of  affected  fruit  to 
with  HzO:  S - Injected  with  Julc 
Tesloles  of  noraal  fruit:  C - In 
macerated  veslelee  of  SSB-affect 
mold  was  observed  in  lot  C subse 


of  stylar-end  breaMown  (SEE) 
sound  limes.  (A  - injected 

ejected  with  Juice  taken  from 
ted  fruit.)  Green  end  blue 
squent  to  occurrence  of  SFB. 


ks:  :sis«fM-sgss-S“.r“' 


146.  176) 


glTen  a postherres 


fall  for  10  hours  suffered  noro  SEB  than  did  the  unspraped 
controls.  (Table  13).  S33  did  not  derelop  when  this  erperloant 
was  repeated  with  snail.  Inmature  lines.  Apparently,  a cer- 
tain degree  of  maturity  Is  necessary  before  S2S  can  be 
mechanically  Induced.  It  is  possible  that  the  rorlatlon  of 
SSB  with  maturity  could  result  from  differences  In  conposltlon 
between  the  stem  and  stylar  ends.  Haas  and  Klotz  (75)  and 
Bartholomew  and  Sinclair  (10)  have  doenmented  considerable 
differences  In  sugar  content  and  osmotic  pressure  for  the  2 
ends  of  aereral  types  of  citrus  fruits.  Including  lemons.  If 
this  is  also  true  for  lines,  the  resultant  increase  In  turgor, 
together  with  cell  meobrane  degeneration  with  advancing 
maturity  (156,  157)  would  predispose  the  fruit  stylar  ends  to 
sufficient  cell  rupture  to  Initiate  SE3. 

ChlllliM  In.lurr 

Preharvest  Factors 

Fruit  age.  Chaee  ^ al.  (39)  showed  that  grapefruit 
harvested  early  In  the  season  are  more  susceptible  to  pitting 
and  that  susceptibility  to  pitting  decreases  as  the  fruits  be- 
come core  nature.  Ygung  'Persian'  limes  ranging  from  20  to 
22  g had  90. 9<  pitting  after  3 'weehs  at  40  ? (Table  14  and  Pig. 
11).  Lighter  or  heavier  fruits  hud  less  pitting.  A marhed 

than  32  g. 


Stylar-enfl  'brsaKdown  as  affectei  by  tursiaity  of 
'Persian'  limes.  (20  frnlts  per  sample) 


After  15  days  at  60  ? 
iicVIar-ena 


Fruit  sprlrOtled  with  water 


75 


10 


15 
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TABLE  lit.  Relation  tetween  age  of  fruit 
tlTlty  In  'Persian'  limes. 

and  chilling  sensl- 

Weight  of  fruit 

Pruit  surface 
pitted  after  3 
Meeks  at  40  P a 

8-10 

57.6 

15  - 17 

53.8 

25  - 27 

60.0 

30  - 32 
40  - 43 

18.2 

6.7 

50  - 55 

5-3 

100  - 120 

5.5 

Percentage  of  fruit  surface  affected  Ir 

L the  aggregate. 
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Figure  11.  Variation  of 
age  of  fruit  (0  - oldj  « . matui 
young).  Numbers  Indicate  range 
chilling  of  young  frulta. 


chilling  injury  In  lines  vlth 
re;  Y - youngi  VY  - very 
of  weight  in  grans.  Note 
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In  grapefruit,  hovevor.  differances  In  ohllllng  sus- 
oeptltlllty  were  related  to  both  eeeson  and  Tarlety.  In- 
mature  (mldBiunoer)  fruit  did  not  develop  chilling  eymptons 
(Fig.  12).  Chilling  susceptibility  developed  as  maturity 


September  (Fig.  12).  In  'Marsh'  however,  pitting  was  high 
during  the  last  part  of  July,  middle  of  September  and  at  the 
onset  of  October  (Fig.  13). 

It  Is  difficult  to  explain  the  variations  of  chilling 
injury  with  age  and  variety.  The  results  only  oonflrm  the 
observation  that  the  history  of  the  fruit  can  exert  far- 
reaching  Influence  on  Its  subsequent  storage  behavior.  The 
effects  could  result  from  a multitude  of  interrelated  factors 

changes  In  structure  and  composition  of  the  fruit,  especially 
the  peel  and  the  adjoining  tissues  (23.  2b.  7b,  79). 

Location  of  fruit  on  tree.  Differences  In  sensitivity 
to  chilling  were  observed  with  position  of  fruits  on  the  tree. 


o top 
O inside 
north 


kug  Aug  Sept  Sept  Oct  Oct 

PICKING  DATES 
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Effeet  of  frait  shafllK,^  whlls  st  the  tree  on 
subsequent  degree  of  chllUng  Injury  (pitting) 
on  'Marsh'  grapefruit. 


-rnit  , 

jltted  after  4 weeks 

at  40  P 

Treatrents 

Slight  Moderate  i 
«)  (?) 

Not  shaded 

25 

40  20 

Shaded^ 

30 

35  25 

10 

“Fruits  distributed  at  the  east  and  south  sides  of  the  tree 
oorered  with  paper  and  film  bags  cut  open  at  the  bottoffl. 
Fruits  were  picked  after  about  3 nonths  of  shading. 


jBlce  of 


and  tltratatila  neldlty  of  the 
were  -alated  to  direction  of  expoeure.  Chllllns  Injury  nay 
therefore  be  assoolated  Kith  yarlatlon  In  fruit  oonposltlon 
and  not  directly  related  to  exposure  to  light. 


thereby  prevent  chllllns  Injury.  Klnetln  (55,  127.  123.  138.152 
151.  201)  and  sibberellle  add  (35,  t2.  Uj,  15a)  were  used  to 
preserve  the  green  color  of  lines:  whereas  "wax"  (Flavorseal 
93)  was  put  on  to  maintain  turgldlty.  Dlphenylanlne  (DPA) , 
which  minimizes  low  temperature  scald  In  apples  (32).  was 
also  applied  on  the  presumption  that  It  might  prevent  low 
temperature  pitting  among  other  fruits. 

Aqueous  solutlona  of  1.  10.  and  100  ppm  El  and  10. 

100,  and  1000  ppm  GA  were  applied  to  limes  and  bananas 
either  singly  or  In  combination.  In  lines,  both  ehemleals 
progressively  delayed  appearance  of  yellow  color  starting  at 
the  10  ppm  K1  and  10  ppm  GA  concentrations  (Pig.  14).  How- 
ever, In  bananas,  even  the  highest  coneentratlor.s  of  100  ppm 
K1  and  1000  ppm  GA  did  not  materially  delay  disappearance 
of  green  color  (?lg.  15).  Limes  were  therefore  used  In 

One.  10,  and  100  ppm  K1  was  applied  In  combination  with 
1.  2,  or  3 applications  of  "wax".  Chllllr.g  Injury  Increased 
as  the  nunbar  of  wax  applications  was  Increased 


(Table  16), 
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Flfure  14.  Effect  of  vr 
of  water-enalslon  ><ax  and  Itlne; 
limes  hold  at  50  F for  4 weeks 
cate  dark  green,  low  raluos.  os 


levels  and  cootilnatlons 

:ln  on  yellowing  of  'Farstan' 
(high  absorbance  values  Indl- 
ile  green  or  yellow) . 


TABLE  IS. 


Effeot  of  varloas  levels  and  cooblnatlons  of 
klnetin  and  "wax"  on  the  Inoidenee  of  chilling 
Injury  of  'Persian'  lines. 


75 

althoush  retention  of  greer.  color  was  obtained  after  treat- 
ment with  10  or  100  ppa  K1  together  with  2 or  3 applleatlons 
of  "wax"  (?lg.  lH).  Chlllir^  Injury  was  reduced  by  23. 9<  at 
the  2,500  ppn  concentration  {Table  17).  Howerer,  when  DPA 
was  applied  to  limes  treated  with  "wax"  and  XI.  benefits 

waxed  (Fig.  16).  A concentration  of  10  ppn  K1  oooblned  with 
230  ppa  DPA  produced  an  80<  reduction  In  pitting. 

The  results  obtained  here  on  waxing  of  limes  do  not 

and  Snoot  (56)  on  grapefruit,  where  waxing  greatly  reduced 
the  deyelopnent  of  pitting.  Xoweyer.  Daris  and  Harding  (53) 
eaphaalced  that  the  type  of  wax  emulelon  formulation  deter- 

Is  yet  to  be  learned  regarding  the  role  of  waxing  on  the 
Incidence  of  chilling  injury. 


Ko  means  of  mlnlnlmlng  chilling  Injury  are  available 
other  than  maintaining  temperature  and  exposure  periods 
recommended  for  particular  fruits  and  varieties  or  waxing 
of  grapefruit  (39).  Two  principal  advantages  can  be  expected 
from  some  means  of  preventing  chilling  Injury:  ohllling- 

as  other,  less  sensitive  fruits  and  tolerance  to  lower 
storage  temperatures  would  extend  useful  postharveat  Ilfs. 

The  effect  of  high  temperature,  humidity  In  storage,  tempera- 
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TABLE  17. 


Effect  of  various  levels  of  41-ohenylsBine  oosblned 
wlth"wax”ana  Iclnetln  on  the  Incidence  of  chllllns 


Clchenylaalne  cone,  ppra  ^ 


250 

500 

1000 

1500 

2000 

2500 

3000 


Fruit  Bitted  after  ^ 
after  b weeks  at  ivo  F “ 

(S) 

38.8 

31.9 

33.5 

30.6 
20.0 
21.3 

14.9 

15.6 


®T31phenylaalne  and  klnetln  applied  prior  to  warlns. 
'^ereentage  of  fruit  surface  affected  in  the  aggregate. 


Figure  16.  Effect  of  various  levels  and  combinations 
of  klnetln  (Kl)  and  dlphenylaalne  (DPA)  on  the  Incidence  of 
chilling  Injury  on  'Persian'  limes. 


llline  injury 


Blah  Tanperatare-Iniucei  Pitting 

Sjrtn?toQS  resBiifellna  those  of  chlllins  injury  beeane 
visible  in  Hues  (FIs.  17)  eni  bananas  (Table  IS)  when  the 
fruits  were  held  at  or  above  90  P.  Perhaps,  high  or  low 
temperature  plttlne  are  basically  related.  This  result 
oor^lnns  the  common  observation  that  it  is  necessary  to 
shorten  the  time  of  handling  from  the  plant  to  storage  rooms 
under  troolcal  conditions  wherein  field  temperatures  may 
reach  exceedingly  high  levels  (190).  Pitting  is  likely  to 
occur  If  handling  under  high  temperatures  is  unduly  extended. 

Ha-nldltv  in  Storage 

High  humidity,  100<,  ameliorated  ohllllng  injury 
(Table  19)  end  low  humidity,  50<,  aggravated  the  symptoms. 

The  latter  effect  was  more  evident  in  lines,  97. pitting, 
and  bananas.  83. 8«,  than  it  was  with  grapefruit.  22.54.  Low 
humidity  and  high  temperature  caused  Identical  symptoms 
aooounted  for  by  partial  dasloeatlon  of  tissue.  This  simi- 
larity indicates  the  need  for  oaution  when  the  pre-history  of 
the  fruit  Is  not  knr,m.  Wardlaw  (190)  reported  that  short 
exposure  of  'Gros  Klohel'  bananas  to  50  F produced  ohllllng 
injury,  but  eomparabls  fruit  protected  by  a polyethylene  bag 
remained  unchllled.  The  effect  was  attributed  to  a higher 
temperature,  52.9  F,  In  the  bagged  fruit  as  compared  with 
the  unbagged.  It  is  also  possible  that  Vardlow's  observation 
on  the  benefits  of  film  bags  may  reflect  the  benefits  of 
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Isure  17.  Effsot  of  tenoeratiire 
plttl7«  Ir.  'Persian'  llies 


PlttlTis  after  10 

days  at  holding  Std.  color  Index 
tenperatores  3 days  after 
(£) reaoval  fro-Ti  <>0  ” 


yellow 

yellow 


penlng  Kanual 
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HelatlTS  humidity 


for  banana,  to  weeia  for  lime, 
rult.  all  at  too  7.  percentage 
ted  In  the  aggreaate. 


»141t7 


83 


T&BLE  20. 


Effeot  of  temperature  orecondltlonlns  on  the 
Incidence  of  ohllllns  Injury  In  'Persian' 
limes  and  'Duncan'  si^pofnolt. 


70  -*  65  ^ 60  — 55 
50  —>■  US  —yUC? 

(Dally  Interrals) 

70  — » 6o  — ^ SO  — *•  40  F 
(2  day  Interyals) 


70  — ♦ 40  F 

(After  8 days) 


Fruit  ppted^ 
L^nes 

25.6  53.1 


Tt 


33.2  39.8 

28.1  45.5 

31.9  57.0 


observed  after  6 veeka  at  40  ?. 


of  pitting  per  frult° 

“S”  “ “IP""" 

i'lLJ 

'.?  6.9 

c. 

It 

isr«-*  -g  % 

, g 

'.0  57.0 

D. 

‘i  1 

:?  90.6 

B5 


TABLE  22.  Effect  of  taaoeratare  orBconiltlonlns  on 
chllllna  sensitivity  of  'Booth  5’  avocado. 

Fruit  Bltted^aftgr 

55  ^ 50  -»  1.7 

'*0  F 13.3 

21.7 
30.0 

^Fruits  vere  transferred  to  cailnets  maintained  at 
specified  temperatures. 

^percentage  of  fruit  surface  affected  In  the  aggregate. 


70  - 


».  55  - 


• 6o  - 


(Dally  Intervals) 

70  — » 6o  — > 50  — 
(2  day  intervals) 

70  — > 55  do  F 
(3  day  intervals) 

70  — » do  F 
(After  5 lays) 
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Figure  18.  Effect  of  teiroerature  preoondltloning 
on  the  incidence  of  ehilllns  injury  in  'Lacaten'  hanana. 
(I  - Green  tip  prior  to  teonerature  con41ttorJ.h6!  II  - 
Green,  trace  of  yellow  prior  to  temperature  eondltlonlns! 
A - temperature  reduced  from  70  F to  t-o  p in  5 F eteos 
at  12  hour  Intervelsi  B - in  10  F steps  ot  24  hour  Irter- 
vals!  C - in  15  F steps  at  3S  hour  interrals!  and  D - 
for  30  P after  72  hours) . 


Chllllt 


A recent  paper  ty  Burs  and  Burg  (3“)  Indicated 
that  the  storage  life  of  hanana.  lime,  avocado,  and  toaato 
could  be  greatly  extended  by  holding  fruits  under  partial 

elded  to  see  If  reduced  pressure  would  affect  ohllllr.g 
at  less  than  optimum  holding  temperatures.  V/hen  fruits 

of  220  mm  of  mercury,  occurrence  of  chilling  Injury  was 
retarded  more  In  limes  (all  sound)  than  In  bananas.  26. 9«. 
or  in  avocados.  11. 1<  (Table  23).  Control  lots  In 
srapsfrult  did  not  develop  marked  pitting  probably  because 
fruits  were  picked  late  during  the  season  (sea  Preharvest 
Factors) . 

Controlled  Atmosphere  Storage 

Little  research  has  been  devoted  to  controlled 
atmosphere  (CA)  storage  of  tropical  and  subtropical  fruits 
as  compared  to  deciduous  fruits  (96).  There  are  several 
accounts  of  CA  storage  of  avocados  (17.  18.  19.  20.  15h, 
and  162).  a few  on  lemons  (22.  27.  73.  and  155).  and  only 
one  each  on  limes  (158)  and  banar.as  (2(rt).  In  general, 
benefits,  such  as  lowered  respiratory  activity,  delayed 


from  raising  COj,  lowering  Oj  concentrations,  or  both 
(9'^.  95.  102.  159.  I6l.  arjJ  17b).  These  findings  were 
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TABLE  23.  Effect  ol 
vlty  of  1 

■ partial  vai 
lanana,  llae 

Juan  on  chilling  sensltl- 
, avocado,  and  grapefruit. 

Fruits* 

'Lacatan'  banana 

220 

26.9 

760 

92.8  ' 

■Persian'  lime 

220 

0 

760 

65.1* 

■Booth  5'  avocado 

220 

11.1  ' 

760 

31.3 

■Karsh'  grapefruit 

220 

760 

23. S 

weelcs.  and  grapafruil  for  7 weeks, 'all  at  iiO  P?*'  ^ 
Peroentase  of  fruit  surface  affected  In  the  aggresate. 


89 

«as  aialntalned  at  Oj  ecmcentratlon  ant"  ths  COj  erolyed 
by  tha  fralt  was  reducea  by  5.I  mg  hr"~  froa  that  of 
the  control  although  decay  nas  Increased  froa  3.75  to 
ll-ZSie  (Table  Zk). 

The  effect  of  aodlfled  atmospheres  to  prevent 
chilling  Injury  has  not  been  noted  elsewhere.  A test  on 
the  effect  of  CA  storage  on  pitting  was  conducted  on  lloee 
Modification  of  storage  ataosphere  affected  pitting.  A 
concentration  of  7*  Og  was  optlasl  in  preventing  chilling 
injury  (Pig.  19).  An  ataosphere  of  pure  oxygen  produced 
severe  pitting  of  linos, but  one  with  no  oxygen  resulted  In 


These  results  (froa  teaperature  preconditioning, 
humidity  control  in  storage,  partial  vaeuum  at  chilling 
temperature,  and  CA  storage)  Indicate  certain  modest, 
readily  available  means  of  reducing  chilling  Injury. 
Prults,  eapeeially  bananas,  received  In  hot  weather  should 
not  be  unnooeesarlly  exposed  to  high  ambient  temperatures. 
Prompt  oold  storage  favors  chilling  Injury  whereas  a 
gradual  reduction  In  temperature  mitigates  the  effect. 
Control  of  humidity  at  near  100<  can  be  expected  to  re. 
duee  susceptibility  to  chilling.  Reduction  of  chilling 
Injury  In  partial  vacuum  and  at  low  0,  levels  with  normal 
COj  concentrations  may  afford  a useful  approach  to  further 
study  of  physiological  and  biological  asoeets  of  the 
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TABLE  Zli. 


Effeot  of  controlled  atmosphere  storage  on 
respiratory  activity,  rind  color,  ar.d  decay 


Respiratory  activity  0.92 

[ns  COg  hr'-^  kg-1) 

Rind  color®  23.25 

(Ahsorhance  at  675  i!(l) 

Decay  («)  3-75 


0.96 


17.15 

11.25 


®Hlgh  aPsorbance  values  Indicate 
pale  sroen  or  yellow. 
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Figure  19.  Effect  of  etorage  in  the  nreeence  of 
6 Oj  ooneentratlona  on  the  Incidence  of  ohililng  Injury 
In  ^Persian'  lines.  Atnosphere  control  Is  accurate  to 


Hlatolosloal  Oteserrttlong  on  Chilling  In.lury 

SyoptooB  of  ohllllns  Injury  varied  neoardlng  to  the 
type  of  tissue  Involved,  pitting  was  more  evident  with 
fruits,  such  as  lines,  grapefruit  (Pl^.aO  and  21).  or 
avocado.  In  which  the  outermost  covering  Is  harder  and 
thloher  than  the  adjacent  layers.  WatersoaMng,  as  In 


{Pl^.  22.  23.  and  ZH) . predonlnated  when  ths  peel  Is  thin 
or  about  as  soft  as  the  flesh.  The  smoky  appearance 
observed  in  chilled  banana  {Pig.  18)  may  hove  resulted 
from  lose  of  oenbrane  Integrity  In  epidermal  cells , since 
entrance  of  oxygen  through  cells  was  apparently  enhanced 
(2l»).  Tannins  were  oxidized  and  apoeared  as  dark  granular 
bodies  (Fig.  23)  which  becams  opaqoe  when  they  eoalescsd. 
thus  causing  the  discoloration  observed  on  the  surface  of 
the  fruit.  In  limes  and  grapefruit  however,  cells  between 
vessels  and  epidermis  became  constricted  (Fig.  21)  pro- 
bably because  of  partial  desiccation  of  tissue.  However. 
It  Is  assumed  that  pitting,  watersoaklng . or  general 
surface  dlseoloratlon  are  only  secondary  manifestations 
of  a basic  process  which  might  be  designated  the  ohllllng 
syndrome. 

Physiological  Investleatlens 


Green  rind  color  Is  desired  for  marketing  of  limes 
(117).  Presently,  cold  storage  Is  the  only  means  to 
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Flgura  20. 

xl260. 


th®  thlolcnoss  of'the  flavedo  tisane. 


9*t 


Figure  21. 

x6iw). 
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paucity  of  dark  granular  bodla^” 


96 


plgai-9  33. 

x6tt0. 


Cross-seetlon  of  the  peel  of  pitted 
abunflanoe  of  dari  granular  bodies. 
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loky  appearance 


ohange.  The 


»lil  persist,  helow  50  F.  Is  on  the  rargln  of  chilling 
(Fig.  25):  henee.  the  color  prohlea  Is  Inextrieahly  linked 
with  the  chilling  problem. 

related  to  temperature  (Fig.  25  and  Table  25C).  humidity 
(62.  139).  and  light  (139).  other  factors  however,  may 
have  Imcedlate  and  far-reaching  Influences;  for  example, 
rough  handling  hastened  yellowing.  72f  absorbance  at  675 
iifi,  (Table  2SA)  especially  In  limes  picked  in  the  morning, 
6t^. (Table  253).  Also,  a reduction  from  normal  atmospheric 

change  in  limes  (Pig.  19).  The  delayed  yellowing  at  low 
oxygen  tensions  could  result  from  a lowered  respiratory 
activity. 

Besplratory  Activity 

Rough  handling  scon  after  picking  In  the  morning 
and  at  noon.  Increased  respiration  of  the  fruit  (Table 
26).  However,  respiratory  activity  was  not  stimulated  when 
rough  handling  followed  afternoon  picking  or  was  delayed 
until  24  hours  after  picking.  This  effect  nay  only  be 
assoolatod  with  turgldity  changes  throughout  the  day  but 


been  reported  by  other  workers. 

Lines  held  at  60  P subsequent 


32  and 


had  much  hlghez 


99 


Figure  25.  Effect  of  teaoerature  on  rind  color 
and  on  the  degree  of  pitting  In  'Persian'  lines  (F). 
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TABLE  25. 


Effect  of  har.dlln3  methods, 
picked,  and  holding  teaperat 


Very  careful 

Immediate  rough 
Bough  after  24  hra 


B.  Time  of  day  when  ploked'^ 


formal 


Koon 


C.  Holding  temserature 
(Normal  handling) 


97 

64 


90 

78 

87 

83 


^eld  at 


50  P. 
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TABLE  26.  Effect  of  handling  nethads.  tlce  of  handling 

respiratory  activity 


Mornlns 


Xoroal 

Soon 

Ro  ugh 
Rough 

Holding:  tejaneratura 
TKoriaal  handling) 


60  ? 
?0  P 


9.1 

9.1 

10.3 


31.6 

17.2 

9.5 


hsia  at  50,  60,  or  70  F {Table  26).  Apparently,  low 

oatabolio  activity.  Orygen  uptake  of  llae  tlssuea  taken 
fron  frulte  hell  at  chilling  and  non-chllllng  Ceoperatures 

at  an  advanced  atage  of  pitting.  Laolone  - necrotic  rind 
tissue  - froo  fruit  that  showed  pitting  were  compared  with 

advanced  was  the  degree  of  pitting,  the  lower  the  res- 
piratory activity  In  limes  previously  stored  at  32  P for 
3 weeks  (Tabls  27A-D) . Thus,  It  seemed  that  fruits  slowly 
deteriorated  until  death  of  the  tissues  finally  ensued. 
However,  the  ultimate  decrease  In  respiration  rats  was  not 
unique  for  tlesues  held  at  lower  temperatures,  since  70  F 
also  resulted  In  depressed  metabolic  activity  (Table  27H) , 
probably  because  of  partial  desiccation  of  tissue  (15,  77, 
13'*).  Fruit  atored  at  50  P showed  a slight  decrease  in 
respiration.  l'»8.73/il  Oj  over  that  held  at  <*0  F.  129.96 
>il  Oj.  although  there  was  no  pitting  (Table  27P) . It 
could  be  that  at  50  P.  phyelologloal  disturbance  haa 
atarted  but  pitting  haa  not  yet  begun.  Thus  pitting  could 
be  the  result  of  a previous  physiological  upset. 

Respiratory  activity  of  flavedo,  albedo,  and  vesicles 
from  'Duncan'  grapefruit  showed  that  most  of  the  0^  uptake 
occurred  in  the  flavedo  both  In  the  pitted  and  the  slightly 
pitted  fruit  (Table  28).  pitted  sections  of  flavedo  and 

unpltted  portion  on  the  same  fruit. 
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TABLE  27.  Respiratory  activity  of  peel  aecElons  taken 
from  'Persian'  limes  subjected  to  chilling 
and  non-ohllllng  temperatures  for  3 weeks. 


Temper- 

Fruit  Beotion 

Fresh  weight 

Dry  weight 

Ig  ® 

A.  32 

100 

100 

3.27 

12.62 

B.  32 

50 

100 

36.52 

119.26 

C.  32 

50 

50 

59.74 

232.00 

D.  32 

50 

0 

84.79 

366.80 

E.  40 

25 

25 

31.01 

129.96 

P.  50 

0 

0 

39.82 

146.73 

G.  60 

0 

0 

49.18 

201.87 

R.  70 

43.14 

116.26 

^Determined  at  70  F 12 
holding  temperatures. 


after  removal  at  respective 


TABLE  Z8, 


Respiratory  activity  of  vesicles,  flavedo.  and 
albedo  sections  taken  fron  'Duncan'  grapefruit 
held  at  ito  P for  6 weeks. 


oxygen  uptake  at  70  F following 
Presh  weight  * Dry  weight 


pitted  section 
Flavedo 
Albedo 


Vesicles 


198.8 


Albedo  il?!l 

Slightly  pitted  fruit 

Sightly  pitted  section 

Flavedo  Z66.2 

Albedo  l‘*5.5 


105 


Results  In  laananss  oorrotorated  those  In  graoefrult. 
Respiratory  activity  was  oonflned  mostly  to  the  peel  (Table 
29) . Respiratory  activity  of  the  flesh  was  more  or  lees 
constant  resardless  of  previous  chilling  experience.  Also. 

Oj  uptake  of  sliced  sections  fros  the  peel  Increased  as  the 
color  of  the  fruit  changed  from  green  to  yellow.  The  effect 
of  an  advanced  degree  of  pitting  was  more  spectaoular  in 
bananas  than  in  lines.  One  or  two  days  at  bo  p delayed  and 
depressed  that  climacteric  rise  of  bananas  removed  to  70  ? 

the  unohllled.  fruit  as  the  chilling  period  was  extended  to 
5 daye.  The  climacteric  ascent  was  absent  In  bananas 
previously  chilled  for  7 days. 

Oxygen  uptake  of  tissue  discs  taken  from  previously 
chilled  avocado  and  tomato  fruits  was  higher  than  that  of 
unohllled  ones  (Table  30B).  This  result  Is  consistent  with 
those  obtained  for  other  fruits. 

Membrane  Permeability  studies 

oxygen  uptake  of  tissue,  as  described  above,  was  In- 
creased as  a result  of  exposure  to  chilling  temperatures 
(Table  27A-D)p  possibly  because  of  a loss  In  membrane  In- 
tegrity of  tissue.  Evidence  associating  pemeablllty  and  low 
temperature  has  been  reported  (10b.  10«.  108.  113.  Ib8):  how. 
ever.  It  Is  not  clear  In  the  literature  whether  changes  In  oer- 
oeablllty  are  an  early  response  to  chilling,  unique  to 
chilling  sensitive  plants,  or  are  a general  response  of  all 


106 


TABLE  29. 

HeSDlratory  activity  of  fleah  and  reel  seotiona 
of  Banana  at  varioua  atagea  of  maturity. 

^frJlt*" 

Peel  color®  Heeplratory  aotlvlty® 

(inder  number!  (ul  Oo  hr-'a.  -1  PW! 

,i..h 

Green  (1)  96 

More  green  Chan  yellow 
(3)  102 

Green  tip  (3)  111 

Green  (1)  7^* 

More  green  than  yellow 

(3)  74 

Green  tip  (5)  70 

®7roo  tha  Banana  Rlpanlng  Manual  {<f). 

'determined  at  70  F.  3 daya  after  removal  from  50  F. 


26.  Besolratory  activity  of  'Lacaton'  banana 
C (70  F)  soon  after  ranoval  frox  varloas  oorloOs  at 


loa 
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plants  to  lov  temperature.  Slectrolytle  conductivity  of 
leachate  from  chilled  and  unchilled  fruit  was  measured.  Ahout 
3 times  as  many  ions  were  released  from  chilling-sensitive 

resistant  to  chilling  (Table  31).  Increase  In  conductivity 
of  leachate  from  banana,  35.50  /imhos.  was  more  than  twice 
that  obtained  for  line,  16.75 /mhos,  and  grapefruit.  17.25 
;jiiihos.  This  observation  night  bo  expected  because  of  ob- 
vious differences  In  texture  of  peel  tissue.  However,  it  is 
apparent  that  membranes  of  chilling  sensitive  fruit  tissues 
become  more  permeable  at  chilling  tenperaturee  than  do  those 
of  tissues  resistant  to  chilling. 

Limes  and  bananas  were  wrapped  with  cheese  cloth 

wetted  with  2.5?  solution  of  streptomycin  to  a further 

the  role  of  call  membranes  on  subsepuent  susceptibility 
to  ohllllng  Injury.  It  Is  noteworthy  that  pitting  was 

permeability  of  membranes  (Table  31).  Pitting  was  Increased 
by  15.57^  In  orange.  ?6.lW  In  limes,  and  6l.20<  In  bananas. 

tissue  wae  high,  'Duncan'  being  more  responsive  than  'Marsh' 
(Table  31).  This  result  could  mean  that  strsptonyoln  and 
chilling  temperatures  have  similar  effects. 


Exposure  to  a series  of  conditioning  temperatures 


ohllllng-aansltlve  frt 


chilling. 
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TABLE  31.  mriuenoe  of  streptomycin  on  pitting  end  respira- 
tory activity  of  fruits. 


Criteria 

Treatment 

I 

''Valencia' 

orange 

16.62 

32.19 

Prult  pitted®  (?)  I 

'Persian' 

lime 

9.26 

S5.b0 

1 

1 'Lacatan' 
1,  banana 

30.00 

91.20 

Respiratory  activity  I 

''Marsh' 

(pi  Oj  hr-1  g-1  < 

Ftf) 

1 'Duncan' 
[CTapefrult 

6b.  5 

96.5 

^Observed  after  6 days  for  banana  and  k veeks  for  limes  and 
orange,  all  at  bO  7. 

'’Determined  at  70  7 2 days  after  picking.  Streptomycin 
(2.5?)  was  placed  inside  the  main  oonpartoent  of  reaction 
vessel  together  with  peel  sections. 


Ill 

prsQondICloning  cnay  cause  variations  in  fatlike  constituents 
of  tissue.  Several  workers  have  considered  the  role  of 
lipids  to  chilline  sensitivity,  presuoably  'Because  of  their 
classic  role  In  oontributins  to  nenhrane  Integrity  (83,  113,135. 
and  197},  For  example,  Lyons  et  al.  (113)  compared  the 
physical  characteristics  and  fatty  acid  composition  of 
nitoohondrial  membranes  isolated  from  several  ohllling  sensi- 
tive and  non-sensitive  plants.  Behavior  of  some  species 
was  Intermediate  however,  and  thus  inconsistent.  Special 
Interpretation  was  required  to  relate  their  response  to 
chilling  sensitivity. 

Column  chromato^aphic  separation  of  lipids  showed 
that  the  neutral  lipid  fraction  (triglycerides)  In  oranges 
was  about  twice  as  large  as  It  was  in  grapefruit  (Table  32). 
Thera  was  no  difference  In  the  phospholipid  content  of 
tissues. 

Accumulation  of  Metabolites 

Organic  acids.  Increase  in  respiratory  activity  of 
fruits  subjected  to  ohllling  temperatures  could  also  be 
interpreted  as  resulting  from  a disturbance  of  metabolloally 
controlled  processes  rather  than  a variation  in  membrane 
eharaoteristlcs.  Janes  (8?)  reported  that  low  temperature 
Induced  accumulation  of  organic  acids  In  some  tissues;  hence 
It  Is  passible  that  these  accumulated  acids  or  other  metebollo 
InternedlatoB.  might  account  for  the  respiratory  stimulation 
upon  transfer  to  a higher  temperature.  It  was  suggested  by 
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TAPLF  32.  Lipid  o 


Uoohllled 

Chilled 


3.25 

2.77 

7.21 

7.37 


*Unohllled  fruits  held  st  60  P.  chilled 
for  6 weaks. 


all 
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low  temparature  eould  te  aueelnlo,  oialoacetlo,  -keto- 
glotarlo  or  oyruvle.  Aocomulatlon  of  toklo  products  was 
postulated  ty  Plank  (lUlt).  Eaka  (64)  mentlonad  that  the 
accumulation  of  exoeaslvs  amounts  of  certain  metabolites 
nay  result  In  physlologloal  disorder  and  death  of  cells. 

pitted  and  unpltted  fruit  and  organic  acid  application  to 
Induce  pitting.  Organic  acid  analysis  by  paper  chronato- 
graphy  showed  that  malic  and  qulnlc  acids  accumulated  at 
32  and  40  F (Table  33).  This  result  with  limes  was  eor- 

ehllllng)  had  higher  malic  and  qulnlc  acid  contents  In  the 

(Table  34).  Direct  application  of  the  adds  to  whole  lime 
fruits  held  at  60  P did  not  lead  to  chilling  Injury, 
probably  because  the  solution  failed  to  enter  the  highly 
cutlnlsed  fruit  surface,  peel  sections  of  limes  In  pro- 

Mlth  qulnlc  acid  did  not  (pig.  27).  However.  ^ -keto- 
glutarlc.  succinic,  and  citric  acids  also  caused  pitting; 
an  obscure  but  Interesting  complication.  These  results 
confirm  observations  by  Hulme  et  al.  in  English  grown 
apples  ( 35)  which  are  remarkably  sueceptibls  to  low  temper 
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Figure  27.  ’ffeet  of  eereral  a 
Use  oeel  discs  held  at  6o  F for  2.5  » 
citric  acldi  c - «l.-keSoglutarlc  acids  D - furearlo^a 
succinic  acldi_F  - malic  acids  0 - nicotinamide  adenine 
- qulnlc  soldi . 


ainueleotide; 


shilling,  let,  It 


sffeot 


eonsenuenoe  or  a cause  of  the  deTelopnent  of  ohllllns 

melabolltee  could  be  the  cause  of  chilling  Injury  (64,  49. S2. 
85,  and  144).  This  conjecture  was  tested  further  by  using 
known  metabolic  Inhibitors  at  temperatures  above  the  chil- 
ling range  to  Interrupt  the  metabolic  processes  at  known 
and  specific  points,  thereby  forcing  the  accumulation  of 
specific  Intermediates.  Since  this  did  not  involve  chil- 
ling, production  of  symptoms  similar  to  those  of  pitting 
would  indicate  that  accumulation  of  these  metabolites 
caused  the  lesions.  Inhibiting  action  was  observed  ihrough- 

unooupler  and  also  an  inhibitor  of  oxidases  (Table  35). 

The  most  nearly  complete  inhibition  over  a 4-hour  period  was 
obtained  with  BSP,  a phosphorylation  unooupler  and  an  In- 
hibitor of  the  Krebs  cycle,  which  blo^s  <-ketoglutarate 

with  Inhibitors  of  the  glycolytic  pathway,  such  as  fluoride 
which  blocks  enolase  activity  and  iodoaoetate  which  blocks 
phosphorglyeeraldehydo  dehydrogenase  activity,  was  lower. 


hlbltor  of  the  terminal  oxidase  system,  was  relatively  inoon- 
sequental.  Thus,  It  appears  that  Inhibition  of  oxygen  uptake 
by  melahollo  Inhibitors  was  most  active  when  the  inhibitors 
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TABLE  35.  Effect  of  oetahollo  Inhttltora 
aotlTlty  of  grapefruit.* 


itlvlty  of 

C P 

Lg-l 

Inhibition 

Control  CHaO) 

97.0 

105.2 

Na  lodoaoetate  (10-^«) 

39.2 

25.6 

75.6 

Sa  Fluoride  (lO'^M) 

76.4 

54.6 

3B.6 

Na  Halonate  (lO'^M) 

107.0 

97.0 

7.S 

2-4,  pinitrophenol 
(10-2h) 

54.5 

22.2 

78.8 

^(10-2Mr" 

63.0 

83.5 

11.1 

Na  Azide  <10-2,m) 

134.1 

110.2 

isly  held  at  60 
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these  inhibitors.  The  possibility  of  an  osmoUo  effect 
siiperioposlng  on  what  otherwise  night  have  developed  Into 
a typical  chilling  lesion  was  discounted  because  optimum 
osmotic  concentrations  of  these  Inhibitors  were  established 


In  preliminary  studies.  Thus,  the  accumulation  of  metabolic 
Intermediates  Is  apparently  a result,  not  a cause  of  ohllllns 


chemicals  was  not  Immediate  (an  effect  much  desired  to 
eliminate  the  possibility  of  secondary  influences  that  might 
occur  within  the  time  lag).  Perhaps,  this  slow  aotlon 


chilling 
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deterelnefl.  1',  is  knsrr.  (3.  25,  65)  that  exosenous  addition 

when  compared  with  those  treated  with  opllnfll  eoncentratlona. 
Here,  excess  suooir^te,  raalate,  and  <(-ltatoslotsrete  Inhihlted 
oxygen  uptake  of  grapefruit  and  lime  mitochondria  f?ahle  35). 
Inhihitlon  hy  icalate  in  limes  and  grapefruit.  13.36  and  20.5 
(il  O2.  respeetiyely,  was  slightly  greater  than  by  either 
succinate.  9.12  and  19.7 /al  03,  and  <.ketoglatarate , 7.9 
and  13.9  pi  Oj.  Grapefruit  nitochoruJria  were  markedly 
higher  In  actlTlty  than  mitochondria  Isolated  from  limes. 

with  those  obtained  by  organic  acid  analysis  and  chemical 
arplioallon  to  tissue.  However,  these  observations  did  not 
contribute  to  an  understanding  of  the  basic  nature  of  ohllllng 


tlve  phosphorylation  activity  of  tissues.  It  is  obvious  that 
if  P/O  ratio  Is  high,  more  phosphorus  is  consumed  per  unit 
of  oxygen  and  therefore  incorporation  of  phosphorus  with 


Chilled  fruits  nay  have  a depressed  capacity  to  utilise 
phosphorus  efficiently i thus  the  proper  amount  of  energy 


processes  could  not  be  supplied.  When  mltoohondrla  from 


fruit 
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6o  F had  a ?/Q  ratio  of  1,2  to  1.42,  vbareaa  those  held  at 
40  F had  a ratio  of  only  0.71  to  0.95  tTahle  37).  Thus,  the 
hypothesis  Isjio"  offered  that  the  energy-hulldlns  syate®  of 
the  fruit  la  Impaired  by  exposure  to  ehllllng  temperatures. 

Fruit  Volatiles 

Energy  per  se  may  not  be  directly  involved  In  the 
subsequent  development  of  visual  symptoms  of  Injury  If  It 
Is  trus  that  depletion  of  energy  la  the  earliest  effect  of 
ehllllng.  Secondary  affects  ere  expected  to  develop  In  the 
course  of  tissue  waakenlng.  One  such  effect  could  be  the 
production  of  by-products  as  a result  of  Incomplete  oxida- 
tion of  metabolites  which  In  turn  occurred  because  of  a de- 
crease In  energy  supply.  Low  molecular  weight  fragments 
released  could  easily  escape  from  cell  msmbranes  which  be- 
come more  permeable  In  the  course  of  tissue  weakening. 

Thus.  ur.deslrable  volatile  components  may  accumulate  on  or 
Just  the  surface  of  the  fruit  and  produce  the  so-called 
"pitting  effect".  This  possibility  was  substantiated  by  ths 
previous  observation  that  "waxing"  with  Flavorseal  93  ag- 
gravated pitting  (Table  17) i whereas  subjection  of  fruits 
to  partial  vacuum  ameliorated  chilling  injury  (Table  24). 

It  could  very  well  be  that  a volatile  compound  aooumulates 
Inside  "waxed"  fruits  which  then  causes  pitting.  If  this 
is  true,  uartlal  vacuum  could  he  expected  to  reduce  the 
occurrence  of  pitting.  \ ' ' ' 

The  particular  type  of  compounds  that  might  have 
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TABLE  3?.  Oxidative  phosphorylation  and  activity  of  mlto- 
grapofralt  held  at  6o  and  <»0  P for  6 weeks. 


substrate  as  oxidative  Hltoohondrlal 

Teaper-  sodium  salt  phosphorylation  activity  , 

Bture  (10-2m)  (P/0  ratio)  (fil  Og  hr'V  PW) 


l.W 

1.29 

1.20 


1.26 


Trls-mannltol 

o{-  ketoglutarate  0.95 

Citrate  0.92 

4o  F Succinate  0.71 

Halate  0.83 


10.6 

101.0 


243.1 

154.6 

109.3 


108.3 

120.0 

220.2 

163.1 

93.5 


Jrlns  chilling 


Identified  by 


sraphy.  Acetaldehyde  was  higher  in  chilled  fruit  than  in 
unohllled  ones  (Table  38).  Koreover.  scald  resulted  when 
limes  were  wrapped  with  cheesecloth  soaked  in  acetaldehyde 
solution.  It  is  not  understood  whether  the  scald  observed 

two  symptoms  overlap  since  Brooks  and  :;ecollock  (30)  com- 
menced that  pitting  of  oltrus  fruits  might  bo  related  to 
scald  of  apples.  It  was  observed  that  pitting  was  reduced 
by  d8.7<  when  dlphenylaalne  was  added  to  lime  sections  treated 
with  1.25<  acetaldehyde  solution  (Table  39).  The  fact  that 
dlphenylamlne  can  prevent  both  scald  and  pitting  Indicates  that 
the  two  symptoms  may  be  related.  On  thla  evidence,  the 
hypothesis  la  advanced  that  pitting  is  caused  by  an  aeeumu- 
latlon  of  volatiles  which  in  turn  la  attrlbuCabla  to  low 
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s&et«ldeh7de  on  pitting 


Lohenylaalna  (DPA)  t 


Pitting  aftar  10  days  at  liO  F 

Aeetaldehyde  150O  ppn  DPA 

«) (<) 


0.07 

0.15 

0.31 

1.25 


12.3 

30.6 

28.5 


11.2 


30.3 

32.2 

'»8.7 


SUKMAHl 


CONCLUSIONS 


shora  to  affect  oleooellosis  In  lloea.  High  teaperatare  with 
A correspondlna  decrease  In  relative  hualdlty  at  ahoot  mid- 

related  to  oleooellosis.  Also.  RORP  Is  highest  for  fruits 
on  the  east  side  and  lowest  on  the  north  side  of  lime  trees. 
Young  limes,  eepeolally  those  with  a rough  surface,  were  more 
susceptible  to  oleooellosis  than  mature  ones  with  smooth 
sarfaoes. 


Striking  the  apex  of  fruit  Immediately  after  picking 
produced  5 to  6 times  the  snount  of  SEB  In  the  morning 
picked  limes  as  oompared  with  those  picked  in  the  late 


Injury  can  be  made  to  induce  SS3. 

Chllllrj  Injury 

Chilling  Injury  Is  a physiological  disorder  which  may 
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affect  itany  fruits,  particularly  those  of  tropical  and  sut- 
troplcal  orlsln>  on  exposure  to  taaperatures  saTsral  desrees 

tlons  and  netaholls  conslderatlone  to  elucidate  the  oechanlsiL 
of  ehllllns  Injury  were  Bade, 


Factors  shown  to  affect  the  development  of  ehllllns 
synptoDS  were  as  follows: 

(h)  Position  on  tree.  Orapefrolt,  both  'xarsh'  and 
'Duncan',  were  least  susoeptlhle  froo  top  of  the  tree  as 
oonpared  with  fruits  from  lower  down. 

(o)  "V'axlng".  Surface  plttlns  of  lines  at  ehllllns 
temperature  Increased  as  the  nunher  of  "wax''  applloatlons  was 


(d)  Chemical  treatcents.  A concentration  of  10  ppa 
klnetln  eonhined  with  250  ppm  dlphenylamlne  markedly  decreased 
ehllllns  Injury  eymptoms  In  lines. 

(el  Tenperature.  Temperatures  above  90  7 and  relative 
humidities  below  50t  caused  symptoms  similar  to  ehllllns  Injury 
In  'Persian'  lines  and  'Lacatan'  barumas. 

vented  ehllllns  injury  syaptoas. 


plttlns  In  banana 
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In  lines  and 


(1)  Partial  vr-eusn.  A partial  raoaun  of  220  na  of 
aereury  retarded  the  developient  ehllllns  Injury. 

(3)  Controlled  ataosphere  storage.  A oonoentratlon  of 
7?  Oj  was  optlaal  to  prevent  chllllns  Injury  In  Uaes  and 
zero  oxygen  was  more  detrimental  than  storage  In  pnro  oxygen. 


HBcently.  Sais  (61)  and  Eaks  and  Kathias  (62)  proposed 
that  certain  metaholic  Intermediate  compounds,  specifically 
organic  adds,  may  aeoumnlate  during  the  chilling  exposure 
causing  Irreversible  physiological  damage  to  the  plant  cells. 

In  cart,  this  finding  agrees  with  the  present  study,  vallo 
aeid  was  shown  to  accumulate  In  limes  at  bO  7 but  not  at  60  P. 
It  Is  assumed  that  the  aoeonulatlon  of  metabolle  compounds  is 
only  a secondary  effect  of  a more  basic  process.  The  funda- 
mental mechanism  associated  with  ehilllng  Injury  may  proceed 
as  follows! 

A progressive  decline  In  the  capacity  of  the  fruit  for 
oxidative  phosphorylation  occurs  with  exposure  to  low  tempera- 
ture. Utilization  of  phosphorus  Is  inefficient.  This  could 
lead  to  a shortage  of  high  energy  compounds,  typically  ATP, 
needed  for  the  maintenance  of  cell  organization  In  the  presence 
of  enzymatic  processes  constantly  tending  to  disrupt  the 
system.  A net  breakdown  of  oomplox  cellular  components 

cause  of  the  resultant  shortage  of  energy.  The 
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vouli  explain  the  observed  Increase  in  cell  nsabrane  permea- 
bility, sasooptiblllty  to  decay,  aecuoalatlon  of  metatolltes. 
and  increase  In  oxygen  aptaite.  Aaaoolatsd  with  AT?  shortage, 
rind  pitting  {the  aoeo  common  symptom  of  chilling  Injury) 
eould  result  from  an  aeeumalatlon  of  toxic  volatiles  under  the 
cuticle  wnlch  were  released  across  permeable  membranes. 

These  volatiles,  mainly  acstaldehyde . may  originate  from  sub- 
oxldatlon  of  substrates  as  a consequence  of  low  energy  supply. 
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